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University Scheaule 

Emerald structures, mechanisms, and 
thermal Systems 

• Program introduction 

• Emerald/Orion common systems 

• Emerald specific systems/experiments 

• Orion specific systems/experiments 

Ui 

• 3 satellites organized in 2 missions 

• Orion Project 
- Stanford University 

-MIT 

• Emerald Nanosatellite Project 
- Stanford University 

- Santa Clara University 

Tnree Satellite Mission 

• Formation Flying Concept 

• Mission Description 

• Mission Objectives 

• Mission Profile 
• Project Schedule 

P 

Formation Flying Concept 
The small satellite advantage! 
• Less costly 
• Simpler designs 
• New mission architectures 

Clusters of cooperative satellites 

Applications 
• Synthetic apertures 
• Distributed field measurements 

Support from NASA & USAF 

Formation Flying Concept 
Challenges: 
• Limited mission resources 
• Fleet management & control 
• Communication architecture 

Methodology 

Basic research  Testbed missions 

Verify principles Validate design concepts! 

Mission Description 
Demonstrate closed-loop formation flying in space 

Emerald 2 {Chromium) 

N 
Carrier phase GPS data shared 

(Allows relative navigation S formar.cn flying) 
/ 

Emerald 1 (Beryl) 

• Two GPS antennas 
• One GPS receiver 

• Limited control 

""5rion 

• Six GPS antennas 

• Three GPS receivers 

• Full 6 DOF control c 



Mission Objectives 
Comprehensive on-orbit demo of true formatier vyin: 

- Develop technologies to build a virtual spacecraft bus 
- GPS sensing & fleet control 

Orion-Emerald system is a ::c.: 

%   g 

Leaoer-referenced con: 

•o*.-cost test Dlatfcrnr 

Cenfralned control 

3™tjg*": 

In 

Mission *r0m 

• MSDS eiected 
■ Onon-Emeralcis on MSDS 
• ALL systems UN-powered 
■ Power inhibits unmonrtored 

t = t,(20mm 
• Onon-Emeralds on MSDS 
• MSDS signal 01 activated 
• First set of inhibits closed 
• Safety-CrrBca! Systems UN-powered 

t = t. + t;(20min + 4aays) 
• MSDS signal #2 activated 
• Second set of inhibits closed 
• ALL systems powered 
• Orion & Emeralds deployed 

•5» s 

y"[eM' 

Pro! 

Cpsspi. 

ect Schedule 
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Orion Overview 

• Development Team 

• Mission/Experiments 

• System Summary 

• Requirements 

mMASAOSFC 

Orion Development i earn 

Space Systems Development Lab 
- Dept. of Aeronautics and Astronautics, 

Stanford University 

Space Systems Laboratory 
- Dept. of Aeronautics and Astronautics, 

MIT 

http://ssdl.stanford.edu/orion 

E 

^*pfJ*S|y^; 

Orion Missio 

Demonstrate closed-loop formation flying in space 

Emerald 2 (Chromium) 

Carrier phase 
(Anows relative 

Emerald 1 (Beryl) 

• Two GPS antennas 
• One GPS receiver 

• Limited control 

MttASAQSFC 

&\  En* 
äse GPS data shared     ^&^N. 
navigation S format'or. fiying]        • *\ 

'* Orion 

• Six GPS antennas 

• Three GPS receivers 

• Full GDOF control c 



txDenments 

»«iSE *  ün^r in formation with 1 EmcraiQ 
• Emerald only performs GPS data collection & comm link 
• Onon performs closed-loop control w.r.t Emerald. 
• Various (in-track) coarse, fine-parking. & precision modes 

• At least 3 orbits, & repeatable over 2 weeks 

Pn«SE2  Qr-.r.-. in formation with 1 Emeralc 
• Emerald provides GPS data/comm link 
• Emerald also responds to control inputs from Onon 
• At least 3 orbits, & repeatable over 2 weeks 

® 

PHASE 3 Or;c" in formation with both Emeralai 
• Same as phase 2, apply various control architectures 
• At least 3 orbits, repeatable 

0 

— •^j,-' 

SSDL 

'*; -IX-1000 

.f-7   © 

ORION , 

-200 m minor axts^ 

MOTOn    / 

■^              :    4}                           EMERALD« 

'-■.;-;_--—' EMERALD*! - 

Align Emerald in-track positions as closely as possible 

Onon in closed-form relative motion with respect to the 
Emeralds' mean formation geometric center. 
Emeralds provide GPS data/comm link & respond to 
control inputs from One E 

BJJCIWI 

Svstem Concept 

E 

ZB§EB 

Orion Design Requir 

• Technical Goals 

• Performance Requirements 

• Safety Summary 

• Integration 

5? •5» y 

"echnical Goals 

Demonstrate control for a cluster of micro-satellites. 
- real-time autonomous control software 
- formation directed at a high-tevel from the ground 

Demonstrate GPS receiver for real-time attitude & relative 
navigation 
- first on-orbit demonstration of CDGPS for precise relative 

navigation and control 
- Expect «1 m (relative - radial) for determination & 5 m (relative - 

radial) for control. 
- low-power, low-cost, attitude capable GPS receiver. 

Various control architectures and a real-time inter-vehicle 
communication link and ranging. 

E 

an{iw; 

Performance Reauirements 

-10 cm 

-5m 
-2° 
-10° 

Mission success: 
• Relative position determination 

• Relative position control 

• Attitude determination 

• Attitude control 

Key design requirements: 
• GPS receiver must function property at all times 

: * Communications design must allow for direct data exchange 
between satellites during alt phases 

• Flight control software must control the constellation to the 
required degree of accuracy 

• System resources must be sufficient to perform experiments as 
needed 57 



Performance Reauirements 

General bus requirements: 

■ Mass and size restrictions as defined by MSDS budgets 
■ Components must operate within expected thermal 
environment 

• Components must operate within expected radiation 
environment 

• Component-level size, mass, and power restrictions 

17 

Performance Requirements 

Subsystem requirement summary 

Structure 
• Provide structural support & mounting surfaces for all 

subsystem components 
• Total system mass < ~? \:. 
• Structural fundamental frequency > ' C~-.z 
• Center of mass location within VA radius of geometric z-axis 
• Survive launch loads 
• Minimize changes to inertia matrix over time 
• Fracture controls __ 

Performance Requirements 
GPS Payload 
• Acquire and maintain GPS signal lock in all flight modes 
• Sense satellite state (a:;c JT? t r=:at'v?) to required 

mission levels 
• Calculate satellite state at a sufficient rate to achieve 

necessary control bandwidth 
• Calculate control responses at a sufficient rate 

Power 
■ Supply enough current at appropriate voltage for all 
flight modes 17 

Performance Requirements 

Attitude Determination & Control 
• Provide enough actuation authority for all flight modes in 

all expected environmental conditions 
• Robustness against failure or poor performance 
• Enough resources to ensure minimum mission success 

Communications 
• Provide reliable downlink and crosslink 
• Utilize low-cost (amateur) transmission frequencies 

Performance Requirements 

Command & Data Handling 
• Provide enough memory and processing speed to 

handle housekeeping tasks and routine data collection 
• Provide serial interfaces to communications and GPS 

subsystems 
• Provide PIC interface to ADCS and telemetry for 

distributed computing efficiency 

17 

Safety Summary - Structure 
Issue Hazard Control 

Strength Structural failure due to insufficient 
design 

Sine Burst Testing. FEM 
modeling 

Natural Frequency Dynamic couping Modal Testing. FEM 
Modeling 

Acoustic Structural failure during launch Random Vibration Testing 

Envelope Interference with other paytoads, 
ground support equipment etc 

Approved envelope 
complance 

Fracture Control Structural failure due to flaws Approved critical components 
and compliances 

Manufacturing Structural failure due to poor quality Engineering Model, 
manufacture by procedure 

f 
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Safety Summary - Propulsion 

issuu- Hazard i                   Comro' 

Components leak or 
rupture 

i Explosion, venting i Components meeVexceed 
i required FOS 
! Components tested to 1.5 x MDP 
j System tested to 1.2 x MDP 

Operational inhibits 
(Mecnaracal) 

j inadvertent operations & 
i associated hazards 

I2 fault tolerant design to prevent 
| Inadvertent venting of gas 

Operatonal inhibits 
(Bectricai) 

l Inadvertent operations & 
i associated hazards 

I Latching relay inhibits on all 
I subsystems with catastrophic 
| hazards (x4) 
I 

BBBESAOJ 

Safetv Sumrnarv 

Battery containment        ! Shorting, insecure 
j postponing 

l Seeied T6061 Aluminum box 

Battery ieaK or rupture     I Fire, explosion. ' Pressure reiet valves with inline 
i contamination, corrosion   i fitters (20 psi crack pressure). (x2) 

1 FiDergBss absorping matenai 

Battery charging ! Overcharging hazards      i Latching relay inhibits on soar 
i ce«-Dattery circuit path (x4) 

Operatonal inhibits I Inadvertent operations &   | Latching relay inhibits on all 
i associated hazards         i subsystems with catastrophic 

i hazards (x4i  

* Power inhiDits are aisabieo wner Onon recedes a 
-safe distance' signal frcrr tne MSCS I E 

andern; 

Safety Summary - Torquer Coils 

Hazarc Control 

>\ 

■ No critical hazards exist 
1 Coil system is power inhibited with rest of main bus 
1 For inadvertent operation, analysis shows compliance with 

ICD 2-19001 section 10.7.3.2.1.2   

Verification 
•  Measure the generated field strengths on flight article 

Comm 
Safety Summary 

Issue 
inadvertent 
transmissions 

Hazard Control 
Interference with 
Shuttle electronics 

3-fault tolerant power 
inhibit scheme 

CDH 
Issue Hazard Control 

Inadvertent operation 
of subsystems 

Operation of 
hazardous subsytems 

• 3-fau(t tolerant power 
inhibit scheme 

• Critical functions 
require confirmation 

• 12C commands require 
checksum 

E 

BSSESAU 

Integration Requirements 
MSDS Integration 

• Satellite must interface with MSDS deployment mechanism 
• Satellite and all protrusions must fit within MSDS stack 

envelope 

Ground Operations 

• External port for battery charging 
• Inhibit verification 
• Operational testing 
• Other servicing requirements 

bmerald Overview 

• Development Team 
• Mission/Experiments 
• System Summary 
• Requirements 

»NASA GSFC 



Development Team 

Stanford University 
- Graduate and undergraduate students 
-Master's and Ph.D. level 
- Volunteer time, work for course credit, 

Research Assistantships 
Santa Clara University 
- Undergraduate seniors 
- Senior design project credit 
http://ssdl.stanford.edu/emerald 

't'-' 

tmeraiti Mission 

Demonstrate Robust Distributed Space 
Systems 

• A distributed architecture to facilitate integration and 
operations. 

• Distributed and autonomous science experimentation 
and satellite operation 

• Supporting subsystem-level technologies 
• Simple closed-loop relative position control for 2 and 

3 bodies (with Orion) 
• Low-cost satellite development techniques f"^ 

—— .  ■5».-' 

Development Approach 

Rapid prototyping: off-the-shelf components 
Building-block strategy 
- Start with minimized baseline design 
- Add features as time and funding allow 

Industry guidance and support 
- Mentors 
- Partnerships 

Aggressive schedule 
Internet distribution of information E 

Emerald Experiments 
• GPS Formation Flying 

• VLF Atmospheric Science 

• Colloid Micro-Thruster 

ä      • Radiation Test Bed 

#        • Experimental C&DH architecture 

mhÄsÄ OSFC 35 

System Summary 

Chromium 

MERIT 

Y 

VLF Science 
GPSFF 

Ops 
Autonomy 
Dist Comp 

Colloid Thruster 

Beryl 

MSDS 

19" hex, 9" x 12" sides 
Al honeycomb, stackable 
trays 
12 v and 5 v reg. power 
l*C data & command bus 
Dallas 1-Wire power 
switching & telemetry 
Half-duplex inter-satellite 
communication 
Full-duplex ground link 
Drag panel position control 
GPS relative positioning 57 ■SSV 

Sources of Requirements 

Mission fulfillment 
- Experiment success 
- Operational integrity 

AFRL - for MSDS integration 

Launch safety considerations 

mHASAGSFC •*v 
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Require ments Outline 

• Emerald Stack • Experiments 
• Subsystems 

-EPS 
- STRUCT/MECH 

-ADCS 

-VLF 
-CMT 
- MERIT 
- Formation Flying 

-COMM 
-CDH 

„•St-" ^UMCSffi 

Stack Requ!rements 

Mission success 
-Groundlink communication while stacked 
- Commandable separation 

AFRL integration 
- Envelope restrictions (RFDW) 
-<50kg 
-Natural frequency > 100 Hz 

°°"^"«' 

RFDW for Envelope Req. 

Comm antennas 
extend beyond 
AFRL envelope 
All clearances 
greater than .3 in. 
for SHELS static 
envelope 

SHELS envelope 

\ 

MSDS center plane 
x = 0 

fc=5C 

C 

EPS Requirements 

Mission Success 
- Provide sufficient regulated power to 

nanosat systems througout mission life 

AFRL integration 
- Interface to MSDS electrical system for 

inhibit removal 

JHASA GSFC 

SUS^Kb 

EPS Reauirements 

Launch Safety Requirements 
-Two fault tolerant inhibits on all power 

paths 
-Additional set of two fault tolerant inhibits 

on STRUCT/MECH subsystem (contact 
hazard) 

- Fourth inhibit used on each path to bypass 
inhibit monitoring requirement 

'S'-' 

ZB|BS 

STRUCT/MECH Requirements 

• Mission Success 
- Provide structural stability and protection 

for all nanosat systems 
- Provide position control to enable 

formation flying - drag panels 
- Provide deployment of 3-meter VLF 

antenna 
- Provide ability to stack nanosats for launch 
- Provide ability to separate nanosats on- 

orbit I"?  . -3;^ 
w/HASA OSFC 
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AFRL integration requirements 
- Do not exceed envelope restrictions 
- Provide capability to mount to SSS 
Launch Safety Requirements 
- Structure and all mechanisms must adhere 

to NASA safety requirements 

Mission Success 
- Determination 

• Measure spin rate within 1deg/sec (GPS and 
CMT) 

• Measure attitude within 5 deg (VLF) 

- Control 
• Spin rate to within 1 deg/sec in pitch and yaw 

(GPS) 
• Orient VLF antennas perpendicular to nadir 

within+/-10 deg (VLF) 

MMASAGSK 
—   V» .• 

ADCS Kequirements 

• Launch Safety Requirement 
-Torquer coil magnetic field must be < -170 

dBpT (~ 5 gauss) (we operate with ~ 1 
gauss) 

E 

2B|SB ^yssDL 

COMM Requirements 

Mission Success 
- Provide groundlink and inter-satellite 

communication 
- Provide low-power communication mode for 

crosslink 
- Provide sufficient bandwidth to downlink 

experimental data 

Launch Safety Requirement 
- RF emissions must not exceed levels specified in 

orbrter payload ICD 

Requirements 

Mission Success 
- Provide commanding and data handling 

capabilities for all nanosat systems 
throughout mission life 

No integration or safety requirements 

(7 'S!»»" 

asafsuoi                             4Süä SS„. 

Experiment Requirements 

• No integration or safety requirements 
for: 
-VLF 
-MERIT 
- Formation Flying 
- Autonomy 

49     **v^ ^'UM osec 
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AFRL Integration Requirements 
- Accessible remove-before-flight covers 

Launch Safety Requirements 
- Propellant 

• Non-toxic 
• Non-corrosive 

- Protect ground crew from high-voltage (remove- 
before-flight covers) 

- Adhere to all NASA structural requirements for 
sealed containers 

an|jc!Yi* <3fe; 

omniano & 
Data Handlin: 

JHASAQSFC E 

Requirements 

Common system for Emerald and Orion 
Functional Requirements 
- Decode ground and inter-satellite communication 

- Forward commands to distributed subsystems 

- Coordinate/Control Experiments 

- Store/Buffer instrument data 

- Download data to the ground station 

- Control power switching for subsystems and 
experiments 

- Batch Commands and Scheduling for Operations 

- Gather health and telemetry data -Vr 
__  ■"*> 

Components: Emerald 

CPU (Spacequest) 
- Main command & data 
- Collect Health and Telemetry 
- Scheduling 

Data Bus (Dallas and I2C) 
- Modular connection to subsystems & experiments 

PIC Boards 
- Standard interface for subsystems to data bus 

Bus Monitor 
- Backup command & data 
- Operations Experiments 57 

Components: Orion 

• Provides fast 
platform for floating- 
point calculations 

• I2C Interface 
•Serial 
• 8 A/D Converters 
• On-board RAM/ROM 

j   Soaceuuest CPU 
V53-based(10MHz) 
6 Serial Channels 

j   -IMBEDACRAM 
■    BekTek OS (COTS) 

-E 

;PU: Overview 

• Processes Commands 
- Ground 
- Other Satellites 

• Routes Information 
-Telemetry 

• Scheduling and Experiment 
Coordination 

M HASA OSfC "^V 
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\->-    \J : Block Diaaram 
"°*m* "1  9 j CPU 

El- 
ModtmB - 

OPS- 

Seltne« 
Computer 
«MM 0*0 

If tMxjg 
MonKor 

-ModtmCtrf 
-TXCtfl 
- Bus Monitor Ctrl 

E 

»Btifm 

CPU: Motherooard 

• SpaceQuest Rev C 
- NEC V53 processor 

-10MHz Processor (1MIP 

-1MBEDACRAM 

-6 Built-in serial channels 

-40 Digital I/O channels 

- Built-in H/W for interface to S/W TNC 

G 

CPU: Adapter Board 

Purpose 
- Regulate 5V to 3.3V 

- Convert signals 5V «-► 3.3V 
- House I2C Interface 

- Simplify Wiring Harness 

"*!X 

Power 
Bus 

)PU: Adapter Board 

To Modem 

ToComm 

To Bus Monitor 

Data Bus 

wHASA GSFC 

CHU: Operating System 

Space Craft Operating System (SCOS) 
- From BekTek 

- RAM-based file system 
-Multi-tasking and multi-user 

- Includes S/W for TNC using AX.25 

- Includes H/W and S/W Debugging Utilities 

- Software custom modified to in-house 
specifications 

S7 

CPU: Software Architc jctur 2i 

SCOS (kernel) 

Dallas 
I2C 

Serial 
Satellite 
Hardware 

- 

Loader 

Control Handler 

Telemetry Process ^—s 
Tasks 

BAX (AX25 Dnver) 

U 
Modems r? 

^^MASAGSK                                                                                                                                                                             G1     ""-V 

10 
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From 

Software Events 

, Comm >   | Com, Inter-Task Events 

■H Tasks Y 

CPU: Software Hierarchy 
1 E *                                                                                                      SrwndSvv 

*    c   1                                                                                COM«MnaP«««'(OuMM?! 
P r 

. • R^\^c^^:-twrtW^cadtftetpiiiiiii:iifiS^v;;-^,-.^! bii.ni.1 

p                                                                                                                                                                       BtMdSWW 
|                                                                         Ce«wn«n<JP»wlQu»ut?: 

^     iSchtduHjl      Subsystem Commands      |                         tänMr.F.«m 

*                          t/ftofaUMli           1 Hah in*  '■ 

|   Tmr    !            jaote Function* N>K.aM! 

1 LowLavK  1           1 Lw»L»*rt  1 YW*mne—'  !                         ' **»*«tofi 

I                                                                           MmVOAX 

1? 
U^JUM OSfC U       '- 

CPU: Serial interface 

Dedicated Link to High Bandwidth 
Subsystems: 
-GPS 
- Science Computer (Orion Only) 

Signaling 
-TTL Level (+5V/0V) 
- RS232 Format 
Up to 57.6 kbps 

BCBrfiEUi 

Data Bus: Overview 

• COTS Standards 
- Phillips I2C 

- Dallas 1-wire 

• Total mass: .15 kg 

PC Data Bus 

Dall3s Telemetry 

Comm 

AD&C Bus 
Monitor CPU 

I- 
etry I 

VLF Power 
MERIT/ 

uThruster 

5? 

?n[em- 

Jata Bus: Dallas 

COTS standard by Dallas Semiconductor 
- Asynchronous Serial Protocol 
- Can be powered through Data line 
- http^/www.dateemi.com/techbriefs/tbl.html 

Devices 
- DS18B20: Temperature Sensor 

• ±0.5°C Accuracy (-10°C to 85"C) 
• -55°Cto+125°C Max Range 

- DS2450: 4 channel AtoD 
• fi-brt resolution 
• Measure Voltages, Currents (with MAX471) 
■ Can use at Open Drain Digital I/O 

BBJJCB 

Data Bus: I2C 

COTS standard by Phillips 
Semiconductor 
- Synchronous Serial 
- 2 wires: Clock and Bi-directional Data 
- 100kbps signal rate (max) 
- Multi-master arbitration specified 
- http://www-us.semiconductors.com/i2c/ 
Used for Command and Data 
- Subsystems and Experiments 

.     11 
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Data Bus: I2C Extension 
DECKS'. Definition 

Command Packet 
| From i Command (S bytes) I Check '. 

pats Packet 
Size : a(<126bytes) Check 

Seauencing 
Simple Command 

Command I ACK 
Command with Reply 

Command \ Reply |      Data      | ACK] ..f* 

Data Bus: integrity 

Dallas 
- Separate Dallas 5V line 

I2C 
- Subsystems Isolated with Analog Switch 

- Dallas Power Control 
- Bus Monitor can reset CPU interface 

(Emerald only) 

VS.«' 

2B£CB 

PiC Boards: Overview 

Standard interface board for all 
subsystems/experiments 

- Intelligent Subsystems/Experiments 
- I2C interface 
- Power switching 
- Standard Telemetry 
-40-pin header connects subsystem 

hardware 

^^KAb 

BSBESA&I 

PIC Boards: Microcontroller 

PIC16F877 (from Microchip) 
- I2C Interface 
- Serial 
- 8 A to D Converters 
- On board RAM/ROM (limited) 

Standard Modules 
- I2C including Extension 
- Easy interface to PIC resources 
- 16KB Serial EEPROM (SPI) 
- Real Time Clock 
- 1.5MB SRAM (VLF and CMT) 

PIC Boards: Power Interface 

I2C                              ^ 

Power 

- —   

13 
-- 

fcj= testf 
1    ■ . 1 ) «:r vs 

' i   ■—<■ 
i 

( ; 
PlCmicro 

CPU 

1 
t +5V 

+12V 
+UV |    Isolation   | 

lSu bsv stem 
to S'jDsvsie". 

E 

anfcrni 

Manufacture 

Manufacturing 

- CPU board: manufactured by Space Quest Rev.C - CIC 
requested 

- PIC board: designed in-house, to be outsourced for printing 
and population - CIC requested 

- SCOS Operating System from BekTek - extensive testing in 
various projects - used in various space on missions 

- In-house Driver and Application software: modular structure 
and testing 

- CPU Adapter Board: designed in-house, to be outsourced 
for printing - CIC requested 

,C 

. 12 
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"esting: Overview 

• Modular Design 
- Stand alone basic testing 

- Incremental Integration 

• Bottom up testing 

• Debug Interfaces 
- SpaceQuest CPU 

- PIC Boards 

(7 

BSBBEB&U 

Testlna: Eauiomen: 

• Artie Card (RIC) in PC 
- 80186 (V53 Compatable) 

- High level software testing 

- Modem/Serial interfacing 

• PC to Data Bus interface 
- Dallas 

-I2C 

Testing: PC - Data Bus 
interface 

I*»—* "i 

J io Data DUS 

17 

ff^apwf^ivii 

Testina: Interfaces 

^Dallas Send/Receive 

^I2C Send/Receive (extended) 

^Serial Send/Receive 

^Ax.25 Send/Receive (comm) 

■ Modem Control (digital I/O) 

« Bus Monitor Arbitration (Emerald Only) 

C 

gg-ifcn 

jesting: Full System 

• Full Data Path 
•«•u GPS/SciComp 

. °c  .   PIC 

«JtW Sensors 

Simulation of Multiple Satellites 

»      CPU        „ 
^•v* (Orion)      \^ 

CPU 
(Erawild) 

CPU 
(Emucild) 

17 

Safety and Reliabilitv 

Safety Compliance 

- C&DH subsystem powered off until safe distance from the 
Space Shuttle 

- All components conformal coated to minimize outgassing 

Reliability 

- Memory has 8 bit correctable EDAC 
- Critical functions require both command and confirmation 

- I2C commands require a valid checksum 

- Connectors are staked 

17 

.   13 
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Reauirements 

Common system for Emerald and Orion 

Functional Requirements 
- Satellite <-> ground station 

- Satellite <-» satellite 

- 9600 baud 
- Independent Download for Emerald vs. 

Orion 
- Receive only Frequency: No jamming 

P 

Components 

i -us ne^-GUDiei 
crcss-ü"-. 

• SSDrr'.VX-LcoA-p 

hamtron;cs Ft/ 7X/RX K:*s 

Spaceuuest GMSK mcoe^ -in-noLise assemD:/ and test 
■AX 2z Drctoccr S600 baue rr.ax aara rate 

C 

SSZBEBMJ 

Specifications 

• Full Duplex, Mode J (amateur) 
- 2m Uplink 

- 70cm Downlink 

• Half Duplex Crosslink (70cm) 

• Omni-directional antennas with circular 
polarization. 

WMASAGSFC 
P 

^^apf^^; 

hrequency Scheme 

Emerald 

Ground C 

aa^sa 

Modem 

Manufactured by SpaceQuest 

GMSK encoding 

Dual Channel 
1. 9600 baud fixed 

2. Software adjustable 
(9600 baud max) 

JHAMOSK 
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Comm MuliiDiex Board 

• Push-to-talk (PTT) 
-High Power (2W) 
- Low Power (350mW) 

• Polarization Control 

• Antenna Matching 

• Supports fully Redundant system: 
-2 Control/Signal Sources 
-2 Transmitter/Reciever Pairs 

as£ee 

BIOCK Diagram: Ernerak 
145A 

Rx vwv 
Communication i ' Mod«™      -J    CPU 

Multiplex       ^ 
Board        n Control 

Bus 
Monitor 

Power Connnrtinns In Each Box omitted for clai C: 

14SB 
Rx 

Block Diagram: Orion 

435B 
Tx 

? 43TA 
Tx 

"■C7A 
Rx 

^^Mub 

Communication I •! Modem 
luttiple: 
Board 

Multiplex      i 
Control 

Power Connections tn Each Box omitted for cl 

Manufacturing 

• Radios: Hamtronics FM TX / RX kits modified for the 
space environment; ln-house assembly and test' 

• Satellite modem: SpaceQuest GMSK modem - CIC 
requested 

• Comm Multiplex Board: ln-house design, assembly 
and test. Board manufacture: Advanced Circuits 

Testina 

Component Testing 
- individual radio functionality/tuning 
- Modem configuration 
- Modem date transfer 
- Multiplex Board switching 

Interface Testing 
- CPU (and Bus Monitor) 
- Ground Station 

Incremental Testing (add links to middle of chain) 

Full System Test (see C&DH section) 

srifmr/it 

Safety 

• Comm subsystem will be powered off 
until safe distance from the Space 
Shuttle 

• Comm power supply inhibited by power 
subsystem (2 fault tolerant) 

• All components will be conformal coated 
to minimize outgassing 

57 
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Design Overview 

• Monitors State and Activity of Data Bus 

• Provides Direct Access to Data Bus 
-CPU Backup 
- Operations Experiments 

• Can Achieve minimum functionality of 
all components on the Bus 

• Separate Modem 

■C 

OQH[eMI 

Block Diagram 
:-.  . 

1 Tx 

| Rx 

} jr \ 

 I  ■           -<> ~ j - . 

Modem; 

AA 

Comm 
Task 

PICmicro 

Pumpkin 
OS 

Virtual 
Bus 

I2C 
Task 

Monitor 
Task K Dallas 

Task 

US^BB 

CPU Arbitratio n 

Comm interface board has hardware 
switch 
- CPU must send pulse to keep control 
-Tx, PTT, Power Level Control 

Direct CPU connection 
- Request Comm Control 
- Reset CPU's I2C interface 
- Reset CPU (requires 2 signals) 

5? 

^OwCgMI 

Performance 

• I2C Master - 80 kbps (max) 

• Dallas Master-~1 kbps 

• Modem Interface 
-1200 baud 
-AFSK (Bell 202) 
- Half Duplex 

»5;.-' 

2B£SE 

Manufacture 

• Manufacture 
- Manufactured by Advanced Circuits 
-Assembled by contractor 

• Fabrication and assembly will adhere to 
published assembly instructions for all 
circuitry and hardware 
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I est 

• Functional testing of all circuitry 
• Communication Control Switching 
• Communication Control Arbitration 
• CPU's modem signal rejection 
• RF <-> Modem <-» Bus Monitor <-»• PIC 

Safety 

C&DH subsystem powered off until safe 
distance from the Space Shuttle 
All components conformal coated to 
minimize outgassing 
CPU can prevent Bus Monitor control of 
Comm System 

C 

BSBEKKU 

Functional Diagram 
/'- . »_u * 

W GPS   \m\   CDH 

1^ 
SdCompj Swfclport«(2) 

I StrongARM | 
|       board 

t/NASAGSFC 

an[cMi 

Hardware 

<^ 

•StrongARM 1100 CPU 
• Power 2W 
• Memory: 4 MBflash, 32 MB RAM 
•Comm: 2xRS-232 (no handshake), 

1xRS-422 
• Limited Supply 
• EM Development Purposes 

• StrongARM 1110 206MHz CPU 
•Power 2W 
• Memory: 16 MBflash. 8-64 MB RAM 
•Comm: 3xRS-232. GPIB 
•COTS (two week delivery time) 
•Proposed Flight Units 

Software Development 

ARK 
ARM Linux 
- Low Overhead 
- Low Cost 
- Versatile 

Realtime Issues 
- Realtime OS not needed 
- Low Bandwidth (< 10 Hz) 
- Write custom task dispatcher 

PC Code Generation 
- Translate Maöab M Functions into C 

Linux Software Compilation 
- GNU C Cross Compiler 
- Download Ramdisk into StrongArm 

A 

5? 
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ask Dispatcher 

nfEZBEEfiu! 

State Flow / Task Breakdown 
StuM* 

V :.--.*Cj 

Lmnch 

ma, j-^^fP Change 
'Onnsdor 

Task 

GPS 

Att. Ctrl: 

Estimation 

Fuel Reg. 

Modeling: 

Form. Coord 
keepAlivg|   0 

0 

t>°rt*j 
'Sä) 

0   ,    0   :    0       0      a 
0   !   0      0   ■ 0 
0   ;  0 :  0 

0  10      0:0 
0        0:0:0:0 

0:00 

Verification and Test Plan 

Phase 1 
- Mattab Simulation 

Phase 2 
- Execute code Science Computer 

Phase 3 
- Connect GPS receiver boards to 

Science Computer 
Phased 
- Add CDH and modem 

Phase 5 
- initiate communications with 

GPSACDH/Modem cluster on Emerald 
GPS 

Orion ■ 

Science 
Computer 

Science 
Computer 

-;j§L S Emerald^ 
Modem   CDH E 

«o-Ceivi'                                                 W6:i _S£..; 

GPS Receiver 

•7 
Ig^ifUSA OSFC 

jn^crn; 

GPS Payload 

GPS receiver 
- Power 8 W peak & 2 Wrest" mode 
—1kg & 12om x 20cm x 25cm 
- 6 antennas (option for 8) 
- ARM60B and Strong ARM processors for navigation 

processing 
- Extensively tested on ground 

Based on Mitel Chipset 
- GP2015RF front end 
- GP2021 12 channel correlator 
- Radiation tolerant 
- External clock linking micro-controller RF front ends 

E 

GPS Payload 

• Verification 
- Store and downlink raw GPS 

data to verify real-time 
solutions 

Carney-Prase GPS (CDGPS) proviaes s 
very accurate and cost effective means 
of performing relative navigatio- 
berween spacecraft   Tne GPS 
receiver is the pnmary payload on tne 
Orion sDacecrafl and one of the 
Dnmary pavioads on the Emerald 
nanosats   It is oeir.g cooperatively 
developed with NASA GSFC  Low-cost 
£ very flexible design 

, "«V" 
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GPS Receiver Hardware 

rCUi- 

^48 

VniB 

-,NV 

as|Be 

GPS Receiver Software 

Features: 

• Clock slews to synchronize with GPS time 
- Receivers on different vehicles still coordinated 

• Improved Tracking Loops 
- FLL for acquisition, PLL for tracking 

• Cycle Slip Detection 

• Orbit propagator 
- Necessary for LEO initialization 

• Relative orbit propagator and navigation algorithm 

17 •9» s 

High Fidelity Sim: 
J^JMn Error 

:'   jJ :'   '   EKF solution of GPS 

rfttyttäyHjfät^*^'? measurements 
_L ; , i i— using truth file 
p.,: generated using 

iiy.l^j^v^-^iUViA'i.  GSFC Trajectory 

i \v 

 ^^^^^ Determination 
»<      "      «       '       System Simulation 

ü£I ; _ ;     (T=!-3cH! 
DE DE 

—, "5^ 

High Fidelity Sim: 
Velocity Error 

_»n - pf^r?.'.6"!'...,  EKF solution of GPS 

I  ujteiVti» im.ui....ji.t)«'>4ir-iii n'l'.-i.i measurements 
'4,0, PF     '        ■  '     ■        : using truth file 

00,° ." .','. °,B. " :  generated using 
1  „likj^M*^-*^^^ GSFC Trajectory 
j    P;        ;    '   : Determination 

""'       "      »<      "      "       • System Simulation 

l"",-—r,—,:, r   »—r, ;—    <T= '>-'- mn-.sej 

 r? 
mMASAOSfC 1'3        "- 

asf/en 

Predicted GPS Results 
H 

0 

Abcolut« Pes (m) S3.9 16.7 

Rataitva Radial Position (cm) 1.3 3.22 

Relative in-track Position (cm> 1.4 2.27 

--..,■■...  ü.^-:r,:-..> P-^--'   n(cm) 1.6 1.45 

Ralativa Radial Velocity (mm/») 0.17 1.8 

fteianvp Iti-ttac* Veiociiy (mm/») 0.26 1.1 

ImirA) 
0.14 1.0 

^^UIS. 

MatJab predicted estimation errors for realistic on-orbit scenario - 
includes bias acquisition. 
Currently developing hardware f n the loop tetts to verity these 
results/assumptions  

Ground I est Results 

Demonstration of real-time relative position 
and velocity estimate error using current 
modified receiver in ground-based test. 

— ^S 
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Manufacture anc Test 
NliiesroneL 

• Hardware development 
- Prototype of GPS receiver and interface board complete 
- Complete integration 
- Minor mounting and shielding work 

• Software development 
- Implement navigation and attitude algorithms previously 

developed in MATLAB in C 
- Run on ARM60 or Science Computer 

• Test terrestrial performance 

• Test using GSFC GNC GPS signal simulator 
- Die- c: s:-r.uir=;r:: faciiiiv aunr.c: aeveiODmen! helped mprove  f» 

sc:r.var£ oe?.<"~. ana /.'.i' s::e?."i;ine testrnc I.r* 
 — —— -. •?»> 

gBp{6m 

Deveioomen: 
--"'-.-., 

Navigation 
MATLAB     C code      Embedded 

Algorithms ""»»«V 

Receiver   PrototypeReceiverBoards  ^--      Interface/^ 

Hardware -.—»n««*^*''*"       \~)    Board    W 
Flight 
Models 

-4?:" 
Receiver 
Operations '""Orbit           Fast    Tracking 

Prop.           Acq.    Loops 

, _,   ,   ..*.. 
External Integration 

l^jMASAG&C 

External integration 
'Antennas 

, 5V Power 

■«»-I/O Dallas 

r 

C&DH 

I? 

Control Features 

GPS receiver collects carrier, code, & Doppler 
measurements 
- Cross-links data to other formation vehicles 
- Inputs into estimator: absolute/relative navigation, attitude 

Absolute and relative estimators filter data with orbit 
propagators 
- Navigation estimate sent to high level formation coordinator 
- Attitude to low level vehicle controller 

High level coordinator commands all formation 
vehicles based on current operating mode 

17 

HBIJEMI 

Architecture 

-°«["" 
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K3«efen<i, MISSDL 
rs.L 

Opera tlonal Details 
Experiment               In-track 
Modes                 Separation [m] 

Relative Radial 
Tolerance [m] 

Coarse FF 300 10-20 

Fine Parkins 100 10 

Precision c- 100 2 

Coarse FF Emerald 
Error box 

rj--- 

Fine-Periling Emerald — —# _.. 

Emerald 

"-0--   ' ""- 
is* 

I? 
^^KASAOSeC ,22   ^5.'' 

■    V—. J^> f *i + : ."> **"*. o 
w iJ w i G i i U i i ö 

ORION   _ 

-200 m minor a»s -100-1000 
Tisepirttwn 

EMERALD »2 

Align Emerald in-track positions as closely as possible 

Orion in closed-form relative motion with respect to the 
Emeralds' mean formation geometric center. 
Emeralds provide GPS data/comm link & respond to 
control inputs from Orion I? — -9»v 

anfew 

blectrlca! Power 
Subsystem 

t^pM*SJ 

ao|sB 

Desian Summary 

Four Major Divisions 
- Body-mounted Gallium Arsenide solar cells 
- Electronics for power regulation, radiation 

latch-up protection, digital power switching, 
voltage, temperature and current 
measurement 

-One 10-cell, series-connected battery 
housed in 2 boxes of 5 cells each 

- Power inhibits I? 

Body Mounted Solar Celts 

Spectrolab Gallium Arsenide triple- 
junction cells - 26% average efficiency 
Single cell voltage - 2.2 V open circuit 
8 cells per string, 17.6 V open circuit 
9.3 W average power 
15 strings on each nanosat 
Kapton substrate electrically insulates 
cells from body panels 

>/\_h 

Pane! 1 Lavout 

in r " 
m b a 

I 
1 

H i   i 
j        1 

! 

"R F ¥ iXl L „ 
— •sis 
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Pane! 4 Layout 

HB 
i   1         i   !!   ' 
m      \mm m 

Beryl        Chromium £» 

aafeas 

Beryl Bottom Layout 

<o 

\\ 
/o/ 

D    /9 ,   / 
0/ 

\"      OOP'-'/ I? 

ffqpp^l^i 

Intersatellite Layout 

-* 

p 

Ar 

// 

\\ 

V 

o    o    o °\ 
\\ 

\  o\ \  \ 
) °) 

/ 9"''' 
□ /   ° 

o    o    c 

/  o/ 

0/ 

l^^HASAQSFC 

Electronics 

Vicor 5 and 12V power regulators 
11 to 14V unregulated power 
Dallas 1-wire bus digital power switching 
Dallas DS1820 digital thermometers 
Maxim MAX471 current sensors 
Resistor network voltage sensors 
Dallas DS2450 A/D converters 
Latch-up protection at subsystem level 
.5 kg total mass of electronics 

-5^ 
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Power Distribution 

• Dallas 1-Wire serial bus for Power 

Switching 
5vols    12voH unregu* 

• 3 distribution buses , ^ /'^ / , 

-2 for general use \ ' ' ' ' / 
-1 for noisy/high power drawaMV,,„d   DU»* 

• Standardized DB9 pin-out 

Battery 

One 10-cell, series-connected battery housed 
in 2 boxes of 5 cells each 
Sanyo CADNICA 5 AH KR-5000DEL cells 
Family of cells has flown on manned missions 
Each box is a sealed 6061 aluminum 
container 
1.1 kg per box (including cells) 

I? 

aa£ea 

Battery Box 

2 valves on "high" side of box 
Sub-micron filters to trap electrolyte 
Interior coated with non-conductive electrolyte 
resistant paint 
Positive terminals packed with electrolyte- 
absorbent material 
Purged with dry N2 to 20psia 
Teflon cell spacers 
Internal digital Temp./Press. sensors 
Viton O-ring to seal lid 

^^U5> ■5s.»' 

BSnpGAli 

Battery Box 
"' 

O-ring 

P 
^0,'MASA OSK 

Power Inhibits 

• Four inhibits in every current path to 
every subsystem 

• At least 1 inhibit in every return leg 

• 4 additional inhibits to STRUCH/MECH 
subsystem to inhibit operation of 
mechanisms 

• Each inhibit is 2 aerospace-qualified, 
hermetically sealed relays in parallel 

aOMBMI 

Power Inhibit Diagram 

H_M?*yE? 

I«"**'! 

w=- T 
f/HASAOSFC 

23 



nfcrn* 

Power-Up Seauence 

Separation from Orbiter 
-All systems not powered 
-All inhibits not monitored 

T1 Signal from MSDS Platform 
-All systems powered except 

STRUCH/MECH 

T2 Signal from MSDS Platform 
- STRUCH/MECH system powered (7 

, '>V' 

Design Analysis 

• Performance Analysis 
- Expected power output 

• Structural Considerations 
- Battery Box 

• Thermal Considerations 
- Batteries 
- Electronics 

tfMASAOSK C 

unT-crn; 

System Performance 

Cell votage 

Cell capacity 
ft of celiswc* 
»of packs 

Cell size 3.36 sq. in 

Celt current 264 mA 
Cell vortags 2.2 vols 

S. Area to light 538 sq. in. 
Time illumtnated/orfert 78.3 min. 

Battery Box Structural Analysis 

• Must support mass of batteries 
- Battery mass, .75 kg per box 
- 20G dynamic load, 15 kg 
- 4 feet, .125 sq. in. area per foot 
- 66 psi total shear load on box feet 
- FS of 227 on foot strength 
- May reduce size of feet 

• Must hold 20 psi internal pressure 
- .25 in. thick walls 
-FS of 10000 

,        - May reduce thickness of box walls  , 

^^us> 

Thermal Analysis 

Battery the only critical component 
Battery thermal requirements 
- Charge 

• 0-45 deg. C 

- Discharge 
• -20-60 deg. C. 

- Storage 
• -30-50 deg. C. 

Thermal finite element model shows 
compliance with these limits for on-orbit 
operation. 

Battery Box Manufacture 

• Materials 
-6061 T6 Aluminum box structure 
-Teflon Battery Spacers 
- Fiberglass absorbant material 
-VitronO-ring 
-2 20 psi cracking check valves 
- Hermetic connector 

• All parts of the EPS are non fracture 
critical 

tlMASAOSFC •Six 
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Construction 
- Boxes milled from aluminum 
- Spacers milled from Teflon 
- O-ring custom made 
- Check valves threaded into box 
-Hermetic connector threaded into box 
- Batteries set in spacers and potted 

BfBpfcivi:                               ^jtsspi "---. 

Electronics Manufacture 

• Custom boards manufactured by 
Advanced Circuits and built at Stanford 
University 

• Standard PicMicro board 
• Fabrication and assembly will adhere to 

published assembly instructions for all 
circuitry and hardware 

■P 
S^MASAQSFC                                                                                                                                                                           "' 

lest 

Battery Box 
-Proof test to 20 psi 
- Leak test (digital pressure sensor) 
System functional test 

& 

G round Operation; 

Battery box to be sealed and purged at the 
universities 
Inhibits disabled, reset, and verified through 
the STPI 
- Procedure will be listed here 

Batteries charged through the STPI 
- Procedure for charging will be here 
- 6 month time limit between charges, based on 

heritage experience with batteries from OPAL 

Requirements Fulfillment 

System meets power needs of 
spacecraft as designed 

Inhibit scheme adequately prevents 
power accidentally being applied 

ggnf-cr» 

Attitude 
Determination and 

Control (ADCS) 

JMAtAOSFC ,c 
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u esian Summary' 

Determination 
- Light Sensors 
- ODDSS 
- Magnetometer 

Control 
- Torquer Coil 

- Passive Drag 

Magnetometer 

!   Light 
! Sensor:   _ ,    _     , 

.rt,   :   Solar Panel 
'   '      Current Data 

< 
'orqut\ 

.  . 
«DCS ODDSS 

PICmlcro« | 
ADCSkVTC 
PlCmiero« 

.      i ■*• 

flFsSDl 

Attitude Determinatior 

Light Sensors 
- 2 sensors on each 

body panel 
- Each at 45° angle 

from body panel 
- On-board processing 

in ADCS ODDSS 
PICmicro» 

- Accuracy expected 
to meet subsystem 
requirements 

Attitude Determination 

Magnetometer 
- Honeywell HMC2003 

3-axis magnetometer 

- Range: +/- 40 
ugaussto 2 gauss 

- Resolution: 40 
ugauss 

- Output processed by 
ADCS M/TC 
PICmicro« 

Attitude Determination 

• Omni-Directional Differential Sun 
Sensing (ODDSS) 
-Algorithm developed for SAPPHIRE 
- Determines sun direction via solar panel 

currents 
-+/-10 degree accuracy 

Attitude Control 

• Torquer Coil 
- Single coil oriented 

along stack axis 
- 1 gauss field 
- Bi-directional 

I? 
t^0tus*GSFt 15!   ^5--' 

Attitude Control 

• Passive drag orientation 
- VLF antenna provides torque sufficient to 

stabilize nanosat about pitch and yaw axes 
- Some rolling freedom is okay for 

requirements 

Forward 
Motion 

"5^ 
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Materials 

• Light sensor, magnetometer, ODDSS 
- Electronic components 
- Custom-manufactured PCB 

• TorquerCoil 
-Aluminum frame 
- Magnet wire 
- Epoxy: Stycast 2850FT w/ Catalyst 9 

"t^ 

•Kirfsivi'                             ffsspi "* 

Mass & Fracture Contro: 

• Mass 
-Electronics: 0.5kg 
-TorquerCoil: 0.5 kg 

• Fracture Control 
- No portions of the ADCS are fracture- 

critical 

n 
^WNASAOfFC .51   ^V' 

Design Analyses 

• Analyses performed: 
-Separation analysis 
- Drag stabilization analysis 
-Torquer coil stabilization analysis 

anf-cmi 

Separation Analysis 

Objective: determine optimal stack 
orientation for separation 
Goal: Separate stack such that resulting 
orbits are close together 
Examine two separation possibilities 
- In-track separation 
- Out-of-plane separation 
- Radial separation not feasible with 

available attitude control capability i 

Separation Analysis 

In-track separation 
- Can compensate for separation velocities using 

drag panels 

- If drag panels fail, satellites separate by -250 
km/day - only 10 hours of crosslink 

- If drag panels work, compensation takes -20 days 

Separation Analysis 

Out-of-plane separation 
- Causes inclination 

change - worst case 0.8 
km 

- J2 perturbations add 3 
km separation per month 

- Acceptable for mission 

- Can achieve via torquer 
coil orientation & 
separation at northern- or 
southern-most part of 
orbit 

27 
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Manufacture 

e* 

Custom boards manufactured by 
Advanced Circuits and built at Stanford 
University 
Standard PicMicro board 
Torquer coils constructed at Stanford 
University 
Fabrication and assembly will adhere to 
published assembly instructions for all 
circuitry and hardware r* 
 —— T.  ■S«> ■*!«-" 

Functional testing performed on all 
circuitry and hardware 

E 

SBB§BBD                                            ^JRibi- S^ 

ADCS Ground Operations 

• No ground operations required 

i^HASAGSfC 

SJBJsSsAU 

Requirements rulfiiiment 

• Mission Success 
-The light sensors and magnetometer fulfill 

determination requirements 
- Passive drag stabilization meets 

operational requirements 
-Torquer coil stabilization allows optimal 

separation orientation 
• Launch Safety Requirements 

-Torquer coil field well below limit 

ocsn^Elvl!                                            ^pSSDi 

c'~   '~) 

VLF Receiver 
Experiment 

P 
IqpHASAQSFC 

Experiment Objectives 

Mission Statement 
- This atmospheric science experiment utilizes a set 

of VLF receivers (one on each spacecraft) to 
detect electromagnetic disturbances due to 
lightning. 

Mission Objectives 
- Characterize the ionosphere 
- Validate benefits of formation flying 
- Perform a comparative study of how satellite size 

and processing architecture impact a baseline 
science mission < 

■*!^ 
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Design Summary 

VLF Reciever 
- Bandpass filter with peak 

amplification at 4KHZ 

PIC16C77 Microchip 
- 8K program memory 
- 20 MHz sampling speed 

External SRAM 
- Allows for an extra 1.0 M 

RAM 

Total mass .5 kg, 
including antenna  

i     VLF     j 
I Receiver ; 

External 
Memory 
SRAM 

PIC16C77 
Microprocessor 

anfcivi; 

uoerations 

Receiver Duties 
- Filter low frequency (1-10 kHz) EM disturbances 

- Amplify signal 
• Received wave 100-300 mV, Output wave 500-1000 mV 

PIC Processor duties 
- Sample VLF receiver data / store to PIC memory 
- Read PIC memory / send data across I2C Bus 

- Science data tagging 
• Time, attitude, absolute & relative positions 

■p 

~                                      r     -^ 

Manufacture 

• Custom boards manufactured by 
Advanced Circuits and built at Stanford 
University 

• Standard PicMicro board 
• Fabrication and assembly will adhere to 

published assembly instructions for all 
circuitry and hardware 

P 
IqptlASAGSFC                                                                                                                                                                           "-      **■«»-'* 

^p^tfa^i 

"est 

• Functional testing of all circuitry 

Function 
Generator 

Input: 
1-10 KHz 

100-300 mV 

Power SuppK 
(5Vi 

VLF 
Receiver 

Oscilloscope 

wsishuai 

ixperiment Objectives 

MERIT: Micro Electronic Radiation In-flight 
Testbed 
Testbed for Measuring Effects of Radiation 
Modularity 
-Host 
- Device Under Test (DUT) 

Easy Expandability 
- Low power consumption 

- Small Size 

JHASAOSFC 
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Desian Summary 

Modular architecture 
- Primary Host Board 

- SPI bus to testbed 
- SPIbustoDUTs 

Total mass: .65 kg 

ire 
d 

/ 
OUT; OUT:-            /' 

/ 
PIC <>-■■- ,--   / 

/ MER'T 

Sc 
■ ■'    ~ 

/ 
s        MERIT MO DUT 1                ,-' 

s '     •■ / 
'   ■ p*: 

-V 
/         P,Z 

/EEPRO*1 /' 

2B§EB 

Hierarchy 

StDr»g«(EEPROW-.    i      iMtbOISELWDosmi Enpanootii» rx|T"? 

anrrf-m-                             j^sspi 
C       ~s 

MERIT Testbed 

• Dosimetry Unit 
- Three 4007s (3 PFETs each) 
- Temp sensor for each 4007 

• Single Event Upset Detector 
-Two512kwordSRAM 
- Three 4520s (sync, binary counter) 

• 3 10 pin DUT headers 
- Supplies power and SPI signals I? 

^^USAOSFC 176    ~-^ 

■HBJSEK&U 

MER!! Host 

• Communicates with Emerald Host via 
I2C 

• Communicates with MERIT testbed and 
DUTs via Serial Peripheral Interface 
(SPI) 

• Responsible for coordinating DUT 
testing and storing experimental data 
waiting for downlink r "5»«- 

gcrf-CMi 

MERi! Operations 

• Dosimeter 
-Test Mode (5% of time) 
-Accumulation Mode 

• SEU Detector 
-Write 4 different bit patterns 
- Read Memory contents recording SEUs 

S7 

aa|BB 

Manufacture and i est 

Manufacture 
- Custom boards manufactured by Advanced 

Circuits and built at Stanford University 

- Standard PicMicro board 

Fabrication and assembly will adhere to 
published assembly instructions for all 
circuitry and hardware 
Test 
- Functional testing of all circuitry 

■sv- 
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Colloid Micro 
Thf'i !Qi&r 

P 
^g^MSAOsn: u: ^5X 

txperiment Objectives 

Optimization of 70's technology into a Low- 
Power, High-Efficiency Micro-Thruster 
- Highly Integrated, Modular Design 
- New Thruster Core Design 

Technology Demonstration 
- Spacecraft Spin-Up to demonstrate operation 
- Thruster exhaust sensor to detect emission 

t/MASAOSK G 

oowT^yi; 

MT Prototype Rev 2.0 

I? 

f^gifpfm^! 

CM i System Revision 
Revision 1.0 
- Two Thruster Modules 

- Each Module has a Thruster Core and Propellant Systems 

Surnmar,   One TCU, Two Modules, Two TCOREs, Two 
Propellant Systems 

Revision 2.0 
- One Thruster Module with two Thruster Cores 

- Both Thruster Core is fed by one Propellant System 

Summar,: One TCU. One Module. Two TCOREs, One 

Propellant System 

; nard-vBre less cc 
mcac!t3 EMEKAL: > USDS 'SHHLSor £nj' 
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CM I System Overview 

Generate thrust by electrically charging 
and accelerating very small droplets 

One Thruster Module: . 
- la© Different Thruster Core design is fed by 

One Propellant System 

Expected Performance: 
- 0.05 mN Thrust, -500 sec Isp, 15 m/s AV 
- >90* satellite rotation after 15 min thrust 

Sodium-Iodide /Glycerol Propellant 
- 30 grNal per 100 m! Glycerol Solution 
- 20 irtllliters. 25 grams. <1 psi pressure 

System Specification 
- 500 g system weight, 10 x 10 x 20 cm 
- 8 Watts max, no standby power 

Low-power, Hot-filament neutralizer 

Brtra nor Platt 

iiartT>o i 

—-fW  
Power SuoDtV 

\ 
Cnarged 

P 

wn^Mi ^ySSDL 

CMT System Overview 
CMT MODULE Thruttar Control Unt 

Daughter Board 

High Vobge 
Power Supp 

Reliy 
»lind 

Thruetar 
Core \ 

ftr \ Thructer Control 
Unit 

Procettor Board 

\           Propeiam 
UrteNnfl        Storage 
laofcttian >nd Daiivary Unit 
Varwt n 

^0/HÄSAOSFC 1.7     t' 
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Bcinfefsrtt 

CMT System on Bery 
ModUe fl 

CMT Enclosure                            ,           / 

1       ^ "^ 

■HL'^WnPi .— "5?" 

/ / ^^~ 
•'* 

B«fyl 
Side Pan«! 

Cutaway of the CMT System                               CMT an Beryt 

^fHASAQSFC it 

CMT Thrusts :ontro! Unit 

Function of TCU: 
- Controls all CMT functions and communicates with the 

spacecraft main computer 

TCU Components 
- Digital logic: 

• PlCmicro0 16F877 Microcontroller 
• Digital to Analog Converter 

• Analog Multiplexer 
• Random Access Memory for Data Storage 
• Picoammeter and Temperature Sensors 

- High-VoHage Power 
• +6kV and-6kV Power Supplies 

BBofcv™                                            «jfrSSDi                                                         SS.--^ 

CMT Capillary Thruster Core 

*   Function of TCORE 
Boron-Nitride 

Insulator 
- Generate thrust using 

charged sub-micron 
particles 

Source PiiTe 

\ * / 

•   Thruster Module #1 i— 
Pipe 

/ 
Exhaust 

- "Traditionar Design 

*   TCORE Components 

Propellant 

"I 
Prooeilant 
Chamber 

"if 

- Pipe Emitter 
•   150fimOD/50jimlD 

- Source Plate (SS304) 
- Extractor Plate (SS304) 
- Insulator (Boron-Nitride) 

; 
\ 

Extractor 

1? "Sis' 
- Propellant Chamber (Teflon) 

^us/cvc ISO 

■°4«"' 

CMT Linear-Slit Thruster Core 

Function of TCORE 
- Generate thrust using charged 

sub-micron particles 

Thruster Module #2 
- Manufactulng. Robustness 

advantage 

TCORE Components 
- Plate Source (Hardened SS) 

•   Plate-Rake-Plate sandwch 
contraction 

- Extractor Plate (SS304) 
- insulator (Teflon/BN) 
- Propellant Chamber (Teflon) 

Stainless StMi Plata 

^ 

Prcetlant      / )*? ~* /'/ 

Gap Fingen thickness 

Photochamicafly-EtchMl Rake P 

Propellant Storage & Delivery' 
UnitT 

• Function of PSDU: 

- Propellant Storage 
- Supplies propellant to TCORE upon command from TCU 

• PSDU Components 

- 10ml Propellant Cartridge 
- DC Motor w/ High-Ratio Gearbox 
- Threaded-Rod / Plunger Pumping Mechanism 

• PSDU 

- Self-contained, sealed, battery-operated, medical-grade portable 
insulin pump 

- Modified to allow pump control by TCU 
- Modified to include a small heater 

•a^pusj 

Ba|fUx 

CM ! Propeliant System ReV 
1.0 

PSDU 
Enclosure MigrvRato 

■/ 

TTsraidiO Roc     Plungti Ring Sw*f *1   «raStai« 

MOU c 

32 



•ranfi-nni                             fltsspi ^^ 
CMT Propeliant System Rev 

2.0 
.£££"£» ££££?£           "££" 

TCOM 
LI 

Me; 

PSC-J                                                               PirtHi^ 

"".y'i.' „"""""" 
TCOU 

*a          -    - -T'T" "'N\         '    c» 
IDftMMRM     fi**«                             Rrnn.6*»iH    HwWitl 

PtOU 

p t^^Mnas«: ,„ NV« 

wn^cn 

CM i Operation 

Ground Operation 
- Removal of Thruster Port Cover before integration 

into PLB 

- No other Ground Operation 

Flight Operation 
- Power will be available to CMT after T2 Signal 

from MSDS Platform 

§BUJ 

u MT Manufacture 

All hardware built, assembled and tested at 
Stanford University 

Complete manufacturing and fabrication 
documentation 

Functional testing performed in vacuum 

UpiKAfe C 

CMT Test 

• Ground Experiments 
- Prototype accumulated -30 hours of operation 
- Upcoming Direct Performance Measurement at Edwards 

AFB on micro-Newton thrust stand 

• Performance Estimate 
- Capillary TCORE 

• ~0.01 mN Thrust, -850 seconds Specific Impulse 
- Linear-Slit TCORE 

• TBD Thrust, TBD seconds Specific Impulse 

• In addition to System Level tests with EMERALD: 
- Vibration, Vacuum, and Thermal Vacuum 

pMASAOSFC I 

• Structure 
• Propulsion 
• Auxiliary Control 
»Power  

■ Command & Data Handling 
1 Communications 
GPS Payload 
 r? 

Structure 

, "SSX 
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Orion Exterior 

Communication GPS 

Mass Composition 

Total 
Sub*ysMRt Mast <g> 

GPS Paytoad 1072 
Struefiire 12403 
COH 900 
Comm «98 
TorquerCoite 2473 
Propulsion System 10648 
Power System 7140 

Total 35332 

Mass Limit = 40 kr 
Mass Goal = 35 KC 

Margin = 12= 

^ tne Tiass budoe •7 •5« y 

Orion 

y=" 5052 Ai- 
honeycomb 

plates 

tructure 

6061 T6 Al L-brackets 
10-32 Fasteners 

Stainless Steel Inserts 

Simplicity 

Rigidity 

Symmetry 

17.5" cube 
35 kg 

Onon t (View 1) 

Torquer Coil 

Science 
Computer Tank Clamp 

GPS 
Propulsion 

Tank 

S7 

Orion t (View 2) 

Communication 

Battery Box 

mMASA OSK E 

ggn^ctvir 

Component Box Design             r    "> 

5052 AL Sheet metal 

_^^^. Circuit boards attach n f& to box using #4 
fasteners (high margin 
of safety application) 

Box attaches to 
structure using #10 
fasteners 

P 
l^ftUiAGSFC m   --i-' 

«m£cMJ W>SSDll                                                         ^-jl 

Ground Support Equipment 

i. • GSE consists of 4 AL blocks that 
bolt to the bottom of Orion 

• GSE extends 4 inches from the 
exterior of the structure 

mm • Designed to withstand carrying 
loads 

• Completely removable 

P 
^jlUSAGSK KJ;    -i- 
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Separa 

Orion Bottom Plate 

Magnetometer. 

tion sysre ysre/n Interface 

GPS Antenna 

GSE- 

Hole oattern is compatible 
with both StarSys clamp band 
and Lightbanc 

These 2 holesi 
not used 

A. 

Separation 
Interface Plate 

FEM analysis snows no 
significant impact on 
strenath and stiffness 

Am 
Y ;  CG Location 

y- ~. From the Geometric 
Center: 

> = -G.05E' 

CG is within %" of the 
geometric z-axis 

17 ?• ^^ 

gw^cfw; Envelopsfifequirement 

N !: *• 

-^ 

lit 2 
SHELS Envelope • 

Orion is inside the 
MSDS envelope 

If—VI 

1     l     !! 

Separation Interface 

MSDS Platform 

^ >" 

BSBERUI 

Design Test Load: 

Finite nt Model 

Example Output 

i G's simultaneous in all axes (  -    design limit load) 

(High Stress^ 

"S!        Results 

I'j.       »Natural frequency = 120 Hr. 

|~      -1st mode shape obtained 

•Margin of Safety = 2.85 

(Low stress) FS*A ctualStress 

Orion mass model is      Acceferometer is placed; Frequency data is 
securely bolted to an      Model is tapped with a     acquired and processed, 
aluminum table. hammer in the direction 

of interest. 

Modal survey natural frequency = 125 Hz 
FEM natural frequency = 120 Hz  

Bgn[«rni 

i 

Si, •ep 

Sine Sweep natural frequency = 120 Hz 
FEM natural frequency = 120 Hz  

■ Structural frequency is above 100Hz 
1 FEM model verified 

JMABAOSK •S&s 
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Fracture I Overviev^ 

Compone [Classificat Compliance 
Al-    rtt 
honeycomb 
composite 

iFraciffP 
I critical 

•Material Certification by AL 
composite supplier 

•Manufacturing consistent with 
established aerospace 
practices and done by written 
procedure 

•Pull testing of insert coupons 
consistent with flight articles 

■Oine burst testing at assembly ' 
level (1,2x design limit load) 

mnfcm; Fracture (Sm%/ Overview          j-- ,, 

Component i Classificat Compliance 

6061-T6 | Low risk; • Table 1 material 

Ers&esrs jeftHc«3*: 
! non-fracture 
i critical 

•#3,4 and 10 fasteners from 
GSFC 

•#3,#4 fasteners used in 
high Margin of Safety 
applications 

•All fasteners will have 
bacKon prevention in me 
form of locking nuts, 
locking inserts or loctite 

_^                                                   -All stainless steel inserts|_^ 
^^/MASAOSFC will be screened tor detects" 

Fracture I Overview 

Component 

Component 
boxes 
Battery box 

Cold gas 
roputeion 

S0 IfeBMow 
preBs^ij"1— 
system: high 
pressure 

^Z(US> 

Classificat 

Non fMAure 
critical;contai 
h8o*-"sk 

sealed 
container;  
hoWrlcture 

icture 
irized; 

fracture 

Compliance 

■Exempt 

•Aluminum Alloy 
•ProofTestedto1.5MDP 

ivWblc&ere^Haterinthe 
presentation 
■Will be covered later in the 
procontation  

critical 

E 

Manufa- Overview 

Issue 
Flight Hardware 
Control 

Integration Control 

Flight Qualification 

Resolution 
Documented Inventory Control 
Material Certification 

Jrawings of all 
Tight Hardware 

Manufactured in a Clean Room 
Environment at Stanford 
eten^sÜRBlPOTäcedure 
HatiUHiäfitequency: Sine 
ftffflflBI venncanon unecKiists i 

■ Vibroacouctic: Random  < 

rdware ~T 
Control 

• Documented Inventory Control by means 
of inventory control forms provided by 
AFRL 
-All incoming flight materials will be accounted 

for in these documents 
-The forms will include purchasing 

information, quantities.dates, names, 
incoming inspection and other relevant 
information 

• Isolation of Flight Hardware 
-All flight hardware will be kept in a clean      F 

^-"-"»«environment and separate from all others ^ 

ttBJSpKBU integn ^Control 

• Procedure Development 
-Assembly procedures for all components 

will be developed during engineering 
phase and will be used for flight instruction 

-The procedures will include instructions on 
assembly sequence, fasteners, torque 
specifications,handling and insert 
installation 

• Engineering Drawings 
-All machined components have an 

associated engineering drawing 
-The drawings will be used to accurately      F? 

»»..OSPCmanufacture tne component to design     m v-^ 
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• Clean Room Environment 
- Flight Model components will be 

assembled in a clean environment at 
Stanford 

• Internal Verification Checklists 
-A second person will observe and verify 

that the correct procedure is used to 
assemble flight components 

■P 

Qualification 

Pull-testing of sample flight inserts 
-Random samples created for every flight 

composite panel 
- Samples will be tested and compared to known 

design strength characteristics 

Flight Strength Qualification by means of 
sine burst testing 
- Sine burst at 13.75 G's in each direction will be 

applied to the complete flight model 
„-Jpo flight modal must survive without structui 

i.ii.... ■ 

Fiiont mMrification 

• Natural frequency verification by sine 
sweep 
- Infinitely stiff interface will be assumed in 

this test 
- Accelerometers will be placed to capture 

the damped natural motion of the 
structure 

-The natural frequency of the entire 
structure must be above 100 Hz 

Issue 
Strength 

Natural 

Acoustic 

Mass, CG 

Envelope 

Ke enxs 
Summary 

Fracture Control 

Manufacturing 

Requirement     i   Compliance 
+/- 11G's all axes 
ftimnHflnftniisty 
100Hz minimum 

I Sine Burst Testing,. 
I FEM modeling 
! Modal Testing, FEM 
I Mnrifllinn  

Survival of launch 
vibmacoustic environment 
Mass limit, CG within 0.25 
inch from the geometric 

Random Vibration 
Testing 

| Mass ~35Kg 
| CG within specification 

8Hoftrenvelope within the 
SHELS envelope. 

Orion is well inside the 
boundary limits 

Prevent structural failure due 
to flaws  

Approved critical 
components and 

Prevent structural failure due 
IQ poor quality  

! BtfplMMpModel, 
manufantuffi by 

procedure 

mMASAOSK & 

BSEBEG&OJ CysspL 

Propulsion 

-* 

^fpNAUGSFC 2!!   ^.-' 

;? 

A cold-gas propulsion system provides the required 6-DOF 
control required to meet mission maneuvering objectives 

rol with 12jThrusters 
if 3 thruste' r    i 
ows)     * / 

A 
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■ Propellant is GN2 
■ Total Delta-V - 25 m/s 
• Isp ~ 60 sec. (measured) 
■ 60 mN thrust per thruster 

Bsa^aai Performers Analysis   - 

• Preliminary analysis showed that min AV for one 
experiment is -5 m/s 

• For j Pnaa< v» Tank Vol (In3) ax fuel 
->rri 

S 2500 - 
|  2000 * 

,J 3= 
»00 *X0 60DC 800C lOOOC        HOPC 

E 

Perform&We Analysis 

Max P for tank determined by tank limits 
& NASA requirements 
-1.5 x MDP < Proof (requirement) 

-Proof = 7500 psi -» MDP < 5000 DS; 

- MDP dictated by max Temp (100 deg. C) 
-At20deg. C, max Op P = 3500 psi 

Fuel capacity determined by max Op P 
- 0.5 kg per tank (x3) 
- 1 R kg PIN? tntal  

•gn  
Parameters 

Maximum delta V within mass/volume 
budget-26 m/s 

• 3 cylindrical tanks 
• High pressure (3,500 psia) 
• Fuel: GN2 

Budget constraints 
• COTS parts 
• Miniature valves and fittings 
• ln-house parts (low pressure side) 

Q^osurTliiubLei inaiiifuld ~ 57 

gpn^cfyi- FunctionäfV§sign Summary 

TtmMrstire 
Transducer P XDRi2; 

^^HASi 

High Pressure 

Launch = 3500 psia 

MOP = 3500 psia 

MDP = 5000 psia 

Launch = 50 psia 

MOP = 56 psia 

MDP = 75 psia 

MDP values are based on conservative worst-case 
maximum temperature of 100 C E 

■"*"*         Ma^ft budget SS- 

•I? 

Component Mas. (Q) amount Total (kg) 
Tank 1359 3 4.077 
Regulator 325 2 0.65 
Line Filtere 274 2 0548 
Thruster Valve 24 12 0 288 
Latching Valve 86 6 0.516 
P. XDR (regs) 8 3 0.024 
P. XDR (HP/LP) 10 3 0.03 
Temp. Sensor 2 5 0.01 
Plumbing 2O0O 1 2 
Quick Connect 100 1 0.1 
PRV 200 2 0.4 
Manual Valves 500 2 1 
Holders 75 3 0.225 
Manifold 56 4 0.224 
Nozzles 5 12 0.06 
Electronics 1OO0 1 1 
Fuel 1.5 1 0.0015 

11.2 

\Qj/ltiASA03FC !i«   ^l> 
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"^ Priman-W^eriais List ,"*=-- 

• Main Material 
-Stainless Steel 
-Aluminum 

• Elastomers, Seals, O-rings 
-PEEK 
-Viton 
-Teflon 

©,«73«—-Tefzel 

BBB§B& 

Tranwuc«' 

Co ente 

C?\I>. 

3 Cylindrical Tanks (Vendor: Luxfer 
Inc.) p-T-T 

• Carbon fiber wrapped 

■  Initial fill pressure 35C J DS ;     * 

• Proof : 7500 psig, Burst: 1530C 

• Fuel:GN2 

G 

Components   £ 

Service Port 
• 2 manually operated needle valves 
• 2-micron filter 
• MOP rating of 6000 psig 
• Proof : 12000 psig. Burst: 24000 psig 
• 1 quick-connect (self-sealing) 
• MOP rating of 10 ksig 
• Proof: 20 ksig, Burst: 40 ksig 
• Provide 2 fault tolerant mechanical 

Inhibit from inadvertent release of GN2 

^pMAS> 

Regulators (vendor: GoRepulators) 
• 2 in series prevent high pressure from 

reaching lew pressure side of system 
• MOP rating of 6000 psig 
■    Proof: 12000 psig. Burst: 24000 psig 
• Monitored using pressure transducer 
• Tamper-proof handles (':: i-'-" -■   ) 

BB|BS Co ents 
■ Uli li* -"•J. 

r. ,■ j      <-IUSW" Ol 3 11*1 i 
_..      I'"*"*"                   12tnrust»rs 
Filer \~&4h- '  

Soiefoiaimnjster: 

Pressure Relief Valves (vendor: Swagelok) _ 
• Two in parallel prevent high pressure from over- 

pressurizing low pressure side of system -£ 
• MOP rating of S000 psig + »C 
• Proof: 12000 psig, Burst: 24000 psig '    :' 
• Setting preserved by lockwire |    ^ 
• Two PRVs required to relieve high-pressure "free-flow"   ^ 

Latch and Solenoid Vaives (Angar Scientific) 

• Electronically operated 
• Provide 2 fault tolerant mechanical inhibit from      ' '. 

inadvertent firing or leak f^- 
• MOP rating of 100 psig SB 
• Proof: 250 psig,   Burst: 500 psig 
• 4 electrical inhibits prevent inadvertent operation 

«fp.-JjB 
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► SSDL Electronics 
Latch Valve 
Control (DB1S)      12V Power (DB9) 

Latch Protection 10V Regulator 
Circuit     .. i / y 

*=!"*    Mecha nicamäfety S u mma ry 

Tanks : 5000 psi <MD=I X 1.5 :"OS < 7500 psi -;«>■ | 

High Pressure Side ■"/::" = SK."»; 
Component Burst (psia) Comp FOS FOS Req 

Lines 30000 6 4 
Regulator 24000 4.8 2.5 
Sensor 15OO0 3 2.5 
Transducer 30000 6 2.5 
Filters 24000 4.8 2.5 
Ser\ice valves 240O0 4.8 2.5 
Relief Valves 24000 4.8 2.5 

■ 'sine-" o! sa" 

E 

Mechanica 

Lcr.v Pressure Side ;r.<D= = 75 DS;,- 

ty Summary 

Component Burs! (psia) Comp. FOS FOS Req 
Latch valves 500 7 2.5 
Solenoid valves 500 7 2.5 
Filters 24000 343 2.5 
Transducers 600 9 2.5 

FC5 = (actor cf safety 

= Burst/MDP 

Components meet or exceed all required factors of safety 

AN components are leak-before-burst 

TIBT.MUCBT T..XDR.: PKVx 

1  3 mechanical inhibits prevent release of high 
:     pressure gas 
, Two-fault tolerant control prevents high-pressure 

gas from reaching low-pressure components 
3 mechanical inhibits prevent release of low 

pressure gas f^ 
  -;,.,■' ,',„■.....-„„■■. ;r, NaT-' ^pMi 

*B**5MJ    ClosuiWWrocedure 

/Tank\ 

I Ffler - 

©      © 
LI L2 

FiJrJ-jws- 

«— 
Sotnwd ttmjMw 

Steps LI status 
Preading 
(L1-L2) 

L2 status 
Preading 
(L2-M) 

M status 
Pressure 
s&te(tio 

Towtter 

1 Open H Open H Open H Closed 

2 Closed H Ctosed H Closed A Open 

3 Closed H Ctosed H Closed A Closed 

4 Closed M Open M Open M Closed 

5 Ctaed M Closed M Closed A Open 

6 Closed M Closed L Open L Closed 

7 Closed M Closed L Closed A Open 

H : higher P (50 ptia) M : medium P (-40 peal L : low P (-30 p«ia) A: *rrtbieni(~15ptia)    |~ 

•^ptMS* G8FC 2*n        '"• 

m— 
Certification 

Luxfer Gas Cylinders L17C 
- Seamless aluminum wrapped with 

carbon fiber 

Classified as fracture critical 
- Tanks are leak-before-burst 

- Tanks meet DOT-CFFC 
• documentation supplied by manufacturer 

- Manufactured using standard 
aerospace industry practices 

* Flown on satellite operations and shuttle 

■^ 
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m    Tank ThWffal Analysis    .— 

Analysis results 
• Starting condition of 100 C 

• Worst-case heating (sun on top panel, earth on bottom) 

• Radiation heat transfer only from propellant tanks 

LM ATC IDEAS/TMG Model Resits after 20 minutes deployment 

Btunng 

Assembly done in clean environment 
- Class 10000 clean room for construction 

- Parts stored in "clean box" (inside clean room) 

Assembly Plan 
- Assemble main propulsion building blocks in clean 

room 
• Thruster clusters : thruster valves, fittings, manifold, and 

nozzles 
• Regulator duster: regulators, pressure transducers on 

"baseplate" 
• Latch valve clusters : fittings, pressure transducers on 

"baseplate" 
• Service port : manual valves, fittings, and quick-connect 

- Integrate into structure in clean room 
• Tanks are placed and connected to service port  

"Mfc • Integration of "baseplates" onto structure "' 

asa^iai PerformWte Testing 

Nozzle tested using vacuum chamber 
- Each flight nozzle is fired directly upward; firing duration 

is minimized to reduce pressure effect on test apparatus 
- Spring/mass system records thrust 
- Mass flow recorded, Isp calculated 

Current results closely match the theoretical 
values 

All flight nozzles tested to ensure consistent 

quality 

All electronic systems (valves, sensors, and PIC) 
checked for correct operation 

W?l ii uslw s» will UM duludfeU i di idui i ily lu U leiK fui   M *v£s E 

anwCewn 

• Proof Testing required for flight 
-Tanks are qualified as per MIL-STD-1522A 

"Path C" (reference : Figure 2, p. 28) 
- Hydrostatic testing 

• System cycled twice at 1.5 x MOP 

-Visual inspection, leak test 

• Functional 
-Valve actuation 

- Leak test  E 

Procedures 
Service Valves   Q--C Vent Valve 

(TBtoHEH£H>j<i-HS[ 

Filling Prop system 
- Mate Quick-Connect 

- Open service valves 

- Start GN2 flow 

- Fill tanks 

- Close both service valves 

- Stop GN2 flow 

- Open vent valve 

- DibUUIIIHdllQ-C  '9s.-' 

ZB£BU 

Issue 

Attitude control 

Attitude control 

Fracture 
control 

Inhibits 

hieqi&Mnents 
 Summary 

Requirement 
r-¥ 

Perform required 
maneuver  
3-axis control 

All components meet 
and exceed safety factor 

Mechanical 
inhibits/controls and 

Vibration/Load   efeofriafctihlabiteh 
 I vibrnacoustjc  

environment 

^ffuSi 

Compliance 

Test functions of 12 
thrusters  
Test12thrusters 
required for 3-axis 
SntrtoJI components 
that exceed FOS 

Parts are Leak 

Pf&T«AKSWify 
required inhibits  
Shake Test 

41 



BSZOEBKL 

Auxiliai v Control 

P 

BBfHffl Reqw^knents >-.. 

Ian:! G^S svs!f"' V.üICUL r C--^ s■":■:.   o,:-   .■-.,::■ -■■.-'    "c^:. • "   : 
: cc-^'.'ci is reoutrp- : 

• Primary Function 
- Detumble Orion from initial tip-off after 

deployment or satellite reset events 
• Total spin rate less than 0.7 rad/min (0.67 

deg/sec) 

- Overcome any environmental disturbance 
torques (primarily aerodynamic 
disturbances) f^ 

x —      „, 4s./ 
■ NU QWC J*ä 

Torque coils 
(auxiliary control) 

Diameter = 13.25 in 

Enclosed Area = 145.7 in3   . 

AWG 28 Copper Wire " 

- 550 Turns, 137 Ohms 

Mass = 700 g/coil 

Nominal Current = 100 mA 

Dipole Moment = 5.1 A-m: 

B-fietd Strength = 1.6 Gauss 

-#Sa 
_\. 

/ 
• P;_ mi^roccntrciie' 
runs control aigorTr- 

iurcer tsrorr; Dane ■ 

•noneyweii HV. 32003 msg-etomete' 

s£sBOJ 

Functional Diagram 

Electr^^s Board 
H-Bridges 

PIC Board Interface Power Interface (PIC board) 

DB9 connector 
Torquer Coils 

Magnetometer 

E 

LMD18W&"H-bridge 

fM 

Log:; input:- \>i: 

trie torque- coi 

National Semiconductor 
LMD18200(1 per coil) 

• Operating Voltage: +12V to 
+55V 

• Operating temperature:-40 
to+125 C 

• 3A maximum continuous 
1 DS used tPHtoM^papabHttyißAjf^ak 

output) 
• 3 logic inputs per H-bridgj"* 
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Honeywell M6gn&ometer 

• 3-axis magnetic field 
measurements 

• Magneto-resistive 
permalloy sensor 

• 40uGauss resolution 
•Field range:-2 to ^,£j|ussirc.,it  

! 3 

• Supply VOltage: +§=tftirt45Mect of past magnetic history 

• Maximum Supply «RHroenttze (momentarily flip polarity) 

20mA * Higher resolution and maximize sensitivity 

• Operating temperalSJfg"^y"iera'lifedri,te 

»SH§*B*                                            ^frsSDl 

Coil Assembly 
AJuminum U-cnamel AL-C061 
insulated Magnet Wire C111001AWG28i - NEMA 1000 MW-73/35. UL 
Epcxy: Stycast 2850FT with CaMlst 9 

Etectron.es • PIC Board 
Board- FR4 
Copper 
Surface Mount ICs 
DB9 Connectors: Mir-c-24308 

Electronics - Subsystem Control Board 
Board: FR4 
Copper 
Surface Mount !Cs 
DB9 Connectors: Mir-c-2430S 
H-Bndge 
Maonetometer 

*^jtiAtA Q*K                                                                                                                                                                           ^ 

SSflKMi fl^SSDL 

Mass Budget 
r ""^'S 

] Major Component Quantity   ^ Mass per Item (g) Total Mass (g) 

[Wire Coil 
jEpoxy 
IPIC daugher board 
[PIC mother board 
(Maanetometer 

3 
3 
1 
1 
1 

666 
100 
65 
100 
10 

1998 
300 
65 
100 
10 

[Total Subsystem 2473 

1 ""* 
^^HASAGSK w   % '' 

Coil 
Mass/pulley 
balance setup 
Estimate amount of 
torque produced by 
the coils 

rmance 

fa 

Higher current supplied to 
create measurable torques 
Test results: 
- Analysis: 3.ä4mri-~- 
- Experiment 3 wmN-n- 

Co 

Minus K-Bdot Law: 

7 Law 

M = -k(dB/dt) 

iif-: j in me Docv irame 

Control torque   T = MxB 

• Coils can either can be ON (in two directions) 
or OFF 

• Vary the torque produced by the coils in a tirrfi? 
^.^.osayeragea sense »"■ s^v 

Attitude illation 

• Integrated Attitude Simulation 

- Full nonlinear attitude simulation 

-Works in conjunction with our orbit and 
station-keeping simulations 

- Includes aerodynamic drag and residual 
dipole disturbances 

-Verified with several known test cases 

• Realistic testing of controllers  
m/MASAOSrC Tnrnnar mil ft mannatnmaters ,'t-' 
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Attitude Simulation 

Simulation Results 
- Angular velocity reduced to less than 

0.677second: within operating limits 
- Works in the presence of aerodynamic 

drag torque 

Test Case Shown 
- High initial angular velocity 
- Spin has component in magnetic field axis 

1  SimulatmPResutts 1 
0.07- 

I 
0.06 *- 

§ A-« r. 

S. 0.04 >■ 

I   i 
I   0.03- 

I  0.02 '• 

I I 
% 0.01 r 
5      ! 

AnpJer Vrtoeitj 

& 

aBI*5M,  Simuiatf&PResults 2 
x iß-3                                  Kinetic Energy 

2 

s1-5 

*    1 

0.5 

)              3000           4000            6000            8000           10000          121 
Ttne/tecondt 

•^pHASAGSFC 26!  ^> 

""*M1 Srmuiatm¥*&esuits 3 
AerMynamfc TW^M 

I0O00 1200C 

»«MSAOSrc 

Torquer cousManufacturing 
• Aluminum frame construction 

- Ctenn unbent aluminum chonnel and inspect for defects (notches, dents, etc.) 

- Cut frame at specific bending locations (corresponding with octagon shape} 

-7 cuts total, vertical sections of U-channel only 

- Bend U-channel into octagon shape and attach free ends with epoxy 

-Sand down and smooth cut surfaces and any rough edges 

- Clean completed aluminum frame of aD loose materials 

• Attach mounting brackets to aluminum frame 

- Manufacture four brackets per frame by cutting L-channel into small sections 

- Grind down and smooth edges 

- Match drill hotes through frames and brackets for precise fit and placement 

- Boft brackets onto the frames 

C 

Torquer coils Manufacturina 

Aluminum frame electrical insulation 

- Combine epoxy and catalyst (STYCAST 2850FT with CATALYST 9: Material Code 
05257) 

- Apply a thin layer on the inner surface of the frame 

- After curing. Inspect that there are no voids In the coating 

1 Copper windings 

- Wrap the aluminum frames with AWG2S magnet wire 

- Care must be taken not to the damage the insulation-coating on the wire by 
accidental abrasion against the frame's comers and edges 
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control Board Manufacturing 

• The Printed Circuit Board {PCB) of the Control Board will be manufactured by 
Advanced Circuits, Inc according to our design 

■  Populating the PCB 
- Each component will be soldered in place one-by-one in an orderly fssrton following 

the board design layout 

Magnetometer Board 
• The Magnetometer PCB will be manufactured by Advanced Circuits, Inc. 

according to our design 

• Populating the PCB 

- The magnetic sensor will be soldered onto the board and the connections will be 
visually and electronically inspected. 

Testin t ^fgLs!£^ 

Torqer CONS 

During the coil winding process check for electrical shorts between wires and 
frame every 100 turns 

- Ensure even spacing of windings 

Measure the B-field generated by the coils us.ng the magnetometer 

- Place magnetometer in the center of the coil and gather data 

- Compare with design value 

Interface with the Control Board and test each coil 

- Monitor the H-bridge telemetry data (current output) and verify proper operation of 
each coil 

Mount each coil on the interior of Orion's panels 

- Test for electrical shorts between the coil assembly and panels 

- Make sure coils are property fastened in place 

Testing teg rati on 
Control Board 

Connection continuity tests during board 
populating procedure 

Board circuitry testing of: 
- Magnetometer Set/Reset circuit 

• Visually confirm proper pulse agnate using an oscilloscope 

- Magnetometer ON/OFF control circuit 
- H-bridge Operation 

Interface with PIC board and validate board 
functionality 
- PIC code operations 

Integrate PIC board/Control Board with Power 
Bus 
- Confirm that enough power is supplied for full subsystem 

operations 57 

SHüjsEsfiU 

•"*-» •*■• ~>t-i r 

Issue Requirement Compfianc* 

Torque 

Provide enough to overcome any 
anticipated disturbance torques and 
detumbe Orion 

Measure generated 
magnetic field and 
compare with EM data 

Control Algorithm 
Vary acutation time and direction of 
dipole moment depending on 
measured B-field 

EMPCcodedevelopmert 
and testing 

Control Algorithm Detumble Orion down to 0.7 rad/sec Simulation results 

Maximum B-field 

Must be below strength specified in 
the Shuttle OrbiterEargo Standard 
Interfaces Document CD 2-19001 
Rev.L("::M 

Currert design, as 
measured using a 
magnetometer is below 
170 dBpT at •-"--:-" 

E 

QFSDL 

Orion Power 

E 

«f^3pr«fivj; 

5pe.ctroL.aD 2J-GaAs 
20% ce'i efficiency 
6-ce!! st'ingsi1E5V. 294mA p*-; 

Bonaed to panels over insulating suDsfate 
26VV ceak supsiy to Di* 
IS1/.'' rime-average SUDC;V to DI 

S'jpDcrt Electronic^. 
• Lapses 5v regutafv 
• MaxTT 471/472 Current sen? 
• Döüas temperature sensors 

(7 
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SpectroLab 2J-GaAs 
•20% Cell efficiency 
•8-ceIl strings (16 5V. 294mA) 
•Bonded to side panels 
over insulating substrate 

Sanvo KR-10000M 

• One pack, 10 cells (10A-hr capacity) 

• 12 to 14V unregulated 

• Design heritage 

Alumin, ery Box 

Dimensions 
Height 9.27" 
Width: 4.443" 
Depth: 3.633" 

• Box purged with dry N2 at 20 psi 
• Absorbent material prevents electrolyte leakage 
■ Internal non-conductive, electrolyte-resistant coating 

Not shown 
• Sub-rricron filters 
• Pressire reief valves 
• Digitalsensors 
■ Won O-ring  

^^MASAC 

Componerm^ection 

■ _■ 
PM30-12SW 

Support Electronics 
• Maxim 471/472 current sensors 
• Dallas temperature sensors 
• Leach Electronics DPDT latching relays 

Lambda PM30-12S05 
■8-12V input -»5V output 
■ 30W max output 

■ NASA GSFC 

asa^u     Electr&fi&s Board 
Solar Cells Dallas Data Line   Battery Box 

Interface / / Power Bus s Propulsion Power 

Voltage Regulator 
(bottom side) 

»n^M1 

Electrical VUmg 
D69. DB15. D625 Connectors: MI-c-24308 
Electronic» - Printed Circuit Boerd 
Board: FR4 
Copper 
Surface Mount ICs 
DB9, D615 Connectors: MI-c-24308 

MatPriRi* Summary 

Nickel Cadmium 
Battery Box 
Aluminum 6061 
Fiberglass 
Teflon  

Gallium Arsenide 
Glass  

^ty 
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Mass Budget 

1 Major Component Quantity Mass par ham (g) Total Mass (g) 

INiCd Batteries 10 400 4000 

IBatterv Box 1 2000 2000 

JElectronics 1 100 100 

iDODCConwrter 1 65 65 

IWinng Harness 1 100 100 

250 3.5 675 

iTotal Subsystem 7140 

BSEKSAU 71 etry 

• Temperature Probes 

- Behind each panel (all six sides of Orion 
body) 

-Three on NiCd battery pack 
- One on DC-DC converter 

• Current Sensor 
-After each solar cell panel (magnitude 

only) 
- Current magnitude and direction for 

battery pack f? 
-rr-rrrr — Z, ■$»> 

Bcn^crr InhWFPaths 

■ InriibiTDStn 1-3-4-5-" j 
t Prevents hatte ry charging j 

Inhibit path 7-8-9-10: 
Operational inhibit on 
propulsion system 

E 

ffapptCt^lWI! Pow&%hjdpet 

Power: Power: Power : Power : 

Total Startup Cruise Contact Ex per 

Subeyatem Maaa(g) <mW) <mW) (mW) <mW) 

GPS Pay load 1072 1450 1450 1450 5225 

Structure 9704 0 0 0 0 

CDH 065 696 696 696 7198 

Comm 696 1426 1426 5890 2376 

Torquer Coils 2063 3740 250 250 250 

Propulsion System 12044 300 300 300 22380 

Power Syatam 5140 0 0 0 0 

1 

Total 31704 7614 4124 8588 37429    jl 

Budget/Allocation 30000 6600 9600 25100 24600    1 

Margin -5.7% 11.5% 57.0% 65.8% -5Z2%   1 

5V Current Draw (mA) 636 586 586 2431 B 

12V Current Draw (mA) 333 108 348 2068 j 

Total System Draw (mA) Voltage ~A           600 354 594 3089[ 

"Six 

Desigmfflialysis 
■■ Structural Design Trade-off worksheet 

OusPaMIWdti 42.6             cm 
432              cm 

2S4              mA 

Ob 
A!,run»» LJu-. nci- o-'. 

Expected Power Output 
Number o«C**s Der Stnno BO           eeM 

1«0 
R«Mied suing Area (W Pach«a) 3400 

1B37 1 
70 

4S461 mW 
»ate mA 

Total Putel fewer Output 33 B              W 
20 6** 

r«ne-A*«rtoe Ouua* 23 7                 VW 

TKn*-Av*raaw Suppty to Bu« 18.0 W 

Solar panel sizing 

/    Solar cell data 
¥     Design criteria 

Panel supply current 
Time average power 

BSBfcBSOJ DesigrifSfflhuiation 
StauaWBaerjEwj((1orM-aj™i] 

Simulated flight 
operations for 
several orbits 

-v  ■ 

10OXC30O4aj5OOSa3?OC>IX>90C     1Ü00 

SniBhormrm) 

Refinements in 
progress 

! Simulation thus far verifies adequate power supply for j 
I planned flight operations | E «"'V' 
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ZjZ,     spacec&Söti esi ron       ~ 
Interface 

• Provides terminals to charge batteries 
after integration 

• Provides inhibit bypass, verification, and 
reset during test and integration 

• Allows exterr^lr^B^^äöriReqüired'l0 

the spacecraft j - - -■' 
DWfoÄ%nf}fl8**ihibit verification 
• 10 inhibits with 2 pins each for latching + 1 common 

ground pin = 21 pins 

• NiCd battery pack charging = 2 pins 

• Total number of pins = 23 pins 

>%■'' 

ZB£U Manemtturinc 
Power Board & Inhibits Board 
• The Printed Circuit Boards (PCB) for the Electric Power Subsystem will be 

manufactured by Advanced Circuits, Inc. according to our design 

• Populating the PCB 

- Each component wiK be sotdered 
the board design layout 

n place one-by-one in an oroerty fasrion following 

Battery Box 

• Machine aluminum box to design dimensions 

■ Attach pressure relief valve to completed box 

• Install fiberglass and Teflon spacer material 

Place NtCd battery pack into box and attach DB9 connector for interfacing with 
the electronics board 

JMASAOSFC 
E 

1  TestingygFftitegration 
Power Board 
• Connection continuity tests during board population procedure 

■ Board circuitry testing of: 

- Voltage regulator operation: measure outputs vs inputs 

- Current sensor outputs: verify with voltmeter measurements 

- Dallas AD converter outputs: verify with voltmeter measurements 

- Simulate inrtbit closing by connecting header ptns 

- DB9 connections and pin outs 

Inhibits Board 
• Connection continuity tests during board population procedure 

• Manually open and close inhibits and perform continuity tests for each inhibit 

- Test using the header pins used to Interface with the Power Board 

- Test using the STPI DB25 connector 

- Test using the MSDS D815 connectors (for T1 and T2) 

E 

-■*■• Testing ffSfegrafion   , 
Power & Inhibits Boards 
• Integrate the Inhibits Board with the Power Board 

- Verify header pin connection 

Battery Box 
• Measure physical dimensions and confirm size 
• Verify mounting hole locations and integrate with Orion structure 
• Box interior: 

- Proper placement of fiberglass material 

- Proper seal at relef varve-to-box interface 

- Proper seal of completed battery box 

• Verify mounting hole locations and integrate with Orion structure 
• Integrate with Power Board 

-test forvottages (unregulated 14V and regulated 5V) 

57 

■*"£"* Testing Integration    =£- 
Solar Cells 
• Connect with electronics board 

-Verify proper connections 

- Observe outputs on current sensors 

- Check for the unregulated 14V and regulated 5V Ines 

Full Subsystem 
• Test inhibits through the STPI 

- Open and dose inhibits 

- Check for continuity across each Inhibit 

- Check for the unregutated 14V and regulated 5V lines 

- Check that the Propulsion Subsystem is inhibited per design 

• Test inhibits through the MSDS connectors 
• Connect various subsystems individually and observe operation of 

each subsystem 
• Full system integration and observe operation of Orion f* 
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Assessment 
BSsfctOJ 

Proje cf Schedule •""• 

i 2000 2001 2002 

|   Qtr2   I CW3    i   Qtr4 Qtr1         Qtr2        Qtr3        Qtr4 Qtr1 

Kripinwrinp 
Modii 

i                 1  lli-luc" 

P 

Hardware 

Operation* 

^WfttfilK Kl     «t" 

gpt^cwu 

^pMJSj 

Nanosat One 
Critical Design 

Review 
Principal Investigators: 

Prof. Jonathan How 
Prof. Christopher Kitts 
Prof. Robert Twiggs P 

aa£sn 

Emerald Structures 
and Mechanisms 

Subsystem 

^pf*T^r*tt 

Design Summary 

Structure 
- Heritage SSDL design modified to meet 100Hz 

natural frequency requirements 

3 Major mechanisms 
- Drag panel actuation mechanism 
- VLF antenna deployment and retention 

mechanism 
- Lightband intersatellite separation system 

Lightband designed by Planetary Systems 

^^us> 
P 

9BJ9rBBU 

Structural Design 

Heritage SSDL Design 
Aluminum Honeycomb Hex Plates 
& Side Panels 
- 5052 Grade Aluminum (face skins) 
- 3003 Grade Aluminum (core) 

Longerons 
- 303 Stainless Steel 10-32 All-Thread 

Spacers and L-brackets 
- 6061T6 Aluminum 

Prototype structure with mass 
simulators tested to 11 G's in 
random vibration with no damage 

JKASA OSFC 

,|^ 

%mm 
E 

49 



SS. nCq^; 

St 

flhsDL 

ructu 

^? 

9" re    I. ■ 

y.. 

16.6- 
i- 

vi-:- -■:>--?- CGx           j CGy CGz Mass 

Chromium -,0006 m    |-.0013 m 

(-.0250 in)  | (-.0493 in) 

.1217 m 

(4.793 in) 

13.46 kg 

(29.6121b) 

Beryf -,0006 m 

(-.0250 in) 

-.0013 m 

(-.0493 in) 

1217m 

(4.793 in) 

13.30 kg 
(29.26 lb) 

Total Stack -,0003 m 

(-.012 in) 

-.0006 m 

(-.0246 in) 

.3212 m 

(12.646 in) 

26.76 kg 

(58.88 lb) 

e* SAGSFC M8 

ai^w 

m? .avc 

Layout design considerations 
- Ease of assembly/integration, testing 

- Simple wire harness 
- Minimal noise 
- Standardized layout between Beryl and Chromium 

- Fewer internal hexagon trays 
- Subsystem placement to place the CG in the 

center of the stack - will be adjusted with small 
balance masses 

ß 

■mje».:                                                 gpSSnl 
} •. ^ 

Subsystem/Exp« Briment Box 

• 1/32" Sheet 
Aluminum 

• Modular Design -*^^&>~ 

• Non-Fracture 
critical/Contained * 
Part 

*'"--> Wß 

^   » 

'HpNASAOSK 
281 

Drag Pane! Mechanism 

Driven by linear 
actuator system 
- TS Products dc- 

motor/lead screw 
driven actuator 

- Actuator mounted on 
swivel joint for 
necessary degrees of 
freedom for panel 

Mounted to middle 
tray 

Actuator A*MI 

B^SfiOJ 

Drag Pane! Mechanism 

Lead screw of each actuator is shortened to 
limit the maximum deployed width of the 
panels to 25.4 inches 
No contact with SHELS possible 
Panels extended .5 in. above and below 
edges of satellite to maintain 50% increase in 
ballistic coefficient when fully deployed 
Accidental drag panel deployment does not 
constitute a hazard 

^Mb ß 

2B§BB 

Actuator Bracket 

Bracket 
-Al 6061 

Swivel 
- AL 6061 

PPA 
- AL 6061 

Drag Panel Tab 
- Al 6061 

Sleeve 
- Delrin 

Unaar Actuator 

Actuator Swivel Actuator   Onto Pantl Tab 

Satve jag.* 
(in»«) r^ 

^ 
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*?&?. icso Panei Actuator Components 

S-Magnet 9-Ewtop 

2-WVCu.htor. «-Key 10 - Cable Coll Region 

3-Noe«MotntAg 7-Planetary Gear   11 - Cable Scraper 
12 - Travel Seneon 

t-MounOnglU l-DCMotor (located In hooeinH) 

13-Gear Output Shall 

U-Lead Screw 

15-Ball Bearings 

E 

nrrnfrr" ^^SSDL 

Actuator Descriptor 

B     | Motw Tr* mew shaft nes a OMT C*nc»0 of« in* «no ujmg JM.^iö *«<v   TIM geai mn *t3 ii*,- 

tf» Mn*ory gaor »* 
Tn» motor noising arw ptsnttarv oaar rousing ar* honoM »own»? »»TO 3M;: it »<v™. T     | Pwnata-v GMT 

13   )G»erOuIxj; 
snar 005-  Tn*™ ts • maaBa w* m v» wad sere* in» «ficr- ■ D.K.V16 5« KWHW "tc 

A(y«nenCT»iriBnontr*tnao!tia W« sera» Ms tt> ( «■• 0Mn*ouJpd sneK   Bot" et Thai* 
irtwtacas art aso tranöaa usng JM221Ö «oow (ia* J*oi (1 7 hy asoats 

5 Megr* Thw»9nitnomeon*lsonBDn«acflB9«(*ir»an«SCTe» rtnen mton«» Kran is irs «T»" 
■TMnoeO i»e«el#0^tiwnOMPO«»ontntm«g'i»»tne*F«tiist™or*tliat«r*mouii« ■- 

r» »ami* nousir>; 
TrasanK^sarvaasaehacKc* tnaoaOWV"iantP'PiaaragD#r»ts   Tr#v ar* K- rMWTf* 
»man d» actuator nas raacnao ts imanoaO ana at w»i so rrw rnc-ia ma* snj e-' 

aoorowiata* 

e Ke» DoiMaJtay re*» in* gaamaaa hum ro»no anc t*«wro e Wig sioaooos creaaa t>y onaw- 
BObaa Oasiore K« runs mrougn «yway'" aauatc iwusr^ 

3 NosaMounttna SäOWY nut tor*v«ft9tt anvasfiart mot»* mm ntwior mreads ana ortruoas as rt niam 

4 MourengNJ NtIs»curesir>»BC1uaK'o'ioiBBaj«w w*«*' 

15 BalBeanncs Mow pushful adapter 10 WS» inflawndam* ot am* sere* 

:uliv Retracted Actuator 

5s»**s> 

'&& 

Lraaf Actuator 
?ttHin<M-17jy:MJP»-V7 . 

=s» 
© 

E 

ejfepppeatvii                                            C^SSDL                                                         c-cs 

VLF Antenna Mechanism 

• Stores and release     ««»-',»» ^£^Tt^*M 

3m VLF antenna                Ti«wS»<itir' 
• One mechanism on «i*««™*»!^ 

each nanosat                   jM r*8^ i^^ 

• Antenna made of          ^U 
uncoated, pre-               II 
curved steel tape          ^^^ 

• Constrained by 2          „„„,„, 
nylon filaments 

Antenna 

l^gV««s« GS«:                                                                                                                       30!    "V 

BjapeejCe^iVT;                                            € »SSDl 

r  "'"> 

VLF Antenna Mechanism 

'A     1   ~ 

i ■■■.b-rv —t. /   ' 

Ah-*- -- ; 

• Nichrome wire 
secured with 
epoxy 

• Optical sensor 
detects 
deployment 

_       I .   _, i i • All electronics 
inhibited by the 
EPS 

3».   ^X ^£#U£4<3SFC 

VLF Antenna Mechanism 

• Each nylon filament tied in a loop with a 
blood knot 

• Each flight know to be proof tested to 
2.5 times maximum load 

• Mechanism actuated by passing current 
through a nichrome wire in contact with 
both filaments 

• Redundant strands of nichrome wire E 
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ageusia:                           QiSSi =i. 

Materials 

• VLF mechanism              R».»«       » _/s""l^-art 
- Spool - Al 6061                          V, )^"W^ 
- Shaft - Delrin                        „   _ WBH, 

Actuator Brack«     ^J!"WH 

- Retainer Pins - Delrin            \ ] y f| 

- Actuator Bracket -                   jk ml' 

*^i 

fc 
Delrin                                    d ■ fc -AP 

- Antenna - Spring                  ^ fc^ Steel Stanley Tape                     ,^^I^J 
Measure 

Battpoue 

^\ 
Artenna 

G ^f*4M GSfC J08     ^"«^ 

«onfuryi'                             «flrsspi                                      «,. 7. 

Supporting Electronics 

• Drag Panel Sensors 
- Hall Effect: Fully 

Deployed 
- Hall Effect: Fully 

Retracted 

• Lightband/VLF 
Sensors 
- Micro-switches: 

Deployment 
Confirmation 

- Redundancy: 
Current Sensor 

- Optical Sensor 
Deployment 
Confirmation 

- Redundancy: Extra 
micro-switch on LB    /_^ 

^■UMSAOSFC jos   -i-- 

Electronics Block Diagram 

Drag 
Panels 

•Actuators 

•Sensors 

VLF/LB 

Actuators 

Sensors 

Mechanisms 

PIC 

PC 1/Dallas i 

Power 

ST» "t-' 

BSBEBU) 

Fracture Control Classification 
Component Classification 

AL Honeycomb Composite Fracture critical 
composite/bonded 
structure 

Linear Actuator Fracture critical component 

VLF nylon retention system Fracture critical 
composite/bonded 
structure 

Fasteners, L-brackets, 
Longerons, Spacers 

Non Fracture Critical Low 
Risk 

I 
»HASA GSFC 

gl^CIVIf 

Structural Design Analysis 

• FEA to determine structural design 
- Ideas v.7 FEM package 

• Approach 
- Match previous vibe tests of engineering 

model 
- Update satellite connection to model 

Lightband 
-Test various design changes to increase 

frequency 

genfer. 

Structural Analysis 

Building block solutions 
to verify with test 
- Fix middle plate to side 

panels with L-brackets 
- Add additional longeron(s) 
- Tie side panels together 

with angle bracket 

JMABAQSK E 
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Design Analysis 

• Strength analysis of drag panel in 
deployed configuration 

• Test verified analysis to show adequate 
strength margin in nylon line in VLF 
mechanism 

• Thermal IDEAS TWIG model for on-orbit 
analysis 

• Strength analysis and test of insert 
pullouts r? 
 —  NS»'^ 

K.n§EKU                                     {2H "* 

Thermal Controls 

• Passive thermal control 
- Insulation blankets 
-Thermal tape 
- Cooling through radiation from body panels 
- Heating through power dissipation 

• IDEAS thermal model for analysis 

I? 
Q^MASAOSFC 

emperature Limits 
Acceptance Levels for Operation 
luto-Bytcm |Lo»Twmq 

COM4- Rac«MrE 
COUM-TnvwTtm 
CtDH-SOFC 
C&DH-Moctam Qualification Levels 

tt^-tyatem UwYMMCf MghT«nv.(C) 
GPS -40 OS 
CWT -20 M 
DtttrtMlMl Computing -40 •8 
VLF E*pMn«rt -40 H 
COMI-RKMWI ■40 
COkM-TnmmBm •40 05 
C&DH-SOFC •40 K 
CADH-ModMi -40 es 
IWtMtH -M so 

Thermal Analysis 

FEM results 
- Free floating nanosat snapshot 
-Temperatures on orbit do not exceed limits 

I? - ■'V 

Manufacture 
Verifiable materials: certifications of 
compliance 
Instruments to be calibrated prior to use 
Manufacturing to be done under strict 
configuration management 
- Part drawings accompanied by manufacturing 

procedure and guidelines 

- Progress checks along manufacturing procedure 
to be done by second party 

- Final part verified by systems engineer 

& 

Assembly 

All fasteners supplied by GSFC 

Assemble according to procedure 

Assemble and store in clean 
environment 

Controlled access to flight hardware 

,-*V' 
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Stack Level 
- Random Vibration 
- Frequency Characterization 
- Sine Burst 
- Thermal Vac Test 

Component Level 
- Proof test every flight knot for VLF mechanism to 2.5 times 

calculated dynamic load 

Fracture Critical Components 
- Proof Test to no less than 120% of limit load 
- Procedures to prevent damage from handling or final 

assembly 
- Manufacturer Certification 
- Create Test Articles   

Ground Operation? 

Drag panels may be tested on the 
ground via the STPI or by being 
commanded through an air link 

No other ground operations 

P ■9* v 

Requirements Fulfillment 

• AFRL Requirements 
- Analysis shows that the structure will 

exceed 100 Hz in natural frequency 
-All separation system hole patterns 

conform to Lightband standard 
- RFDW approved for antenna exceeding 

the MSDS envelope 
• Safety Requirements 

-VLF and drag panel mechanisms approved 

BOWCKMI 

Emerald Envelope 

■/■»   \^£ 

^£ 

gwfrsiy» 

SHELS envelope 

\ 

Emerald Envelope 

MSDS center plane 
x = 0 

Antennas fit within the 
SHELS envelope 

&=* 

d1 = 0.342" 

d2 - 0.952" 

d3=1.06" 

d4 = 0.4S" 

These dimensions approved by 
AFRL via RFDW 

E 

Emerald Envelope 

Completely 
deployed drag 
panels fit within 
SHELS envelope 

Static SHELS 
envelope 

; "t" 
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